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LuLTAHEOUS AMHJHCMIOH AHO DETECTIOH OF 

(specific DNA SEQUENCES 



py w ' ■ — ■ 

'ST^lohanced the polymery cbjjji 
' 7- - n»CRl such that specific DMA- 
S2S-°2* detected Abmn op.n- 
SX ruction tube. TWj j 
Sauirca the addition of eth.dium bromide 
K?o a PCJL Since the *«>«£f«"f 
fftotwi in the presence of douWe- 
Winded (ds) DNA an increase m ^^f? 
CfS Uh a PCR indicate* » JPJJg 
Salification, -hich can be ««^<»£ 
& externally- In fact, a^pl^cadonc^ 
^continuously monitored In «^ to 
SloTits progress. The ability to sunulta- 
Sdy ampSy specific DNA sequences 

ffith 3 im P lifi« and impress 
£may facilitate its automata and mo« 
^widespread uae in the clinic or in other 
^Srequirlng hifih sample through- 

Ipiit 

icnl tl iaenoanco ace well known , u. » »» » . 

wU.lv £ed in chi. ^"fr^K^me" 
four vea« «inc« iheawtable UNA . poiyr&er- 
tu^e FCR S Some of the reasons for w How 
raaoe rv.* 0 f automation of pre- and 
?fanrr. arc high ton, o«eitive rciuta from 

ferm of 'dogear*'' F^»»« *«*°£ t 
u done in «dcr * *p^X. w t2SkS! ^ 

throughput, and arc dSSeok to RUt0ffllw J^T* 
, ™ U iU closely re»a«d «» ^"T^^S 
fethc hsadEng or «he PCR product .a 
roce« es tereaw the chance* a-plxfi^ m 
?'«d ihroush the typing lah. rcaulonp in a rwfc 



nated if apccific ^P^^.ffti,^ 6tl unopened re- 

aeoonre$s«.A«By3 reaction componen« 

fiave been wrmed " hom °^°i; rtr -, £d [0 0 jtc although 
«o« Et:* assay ^ *e« 

which the «sd455«nou« » bbded oliRonudco- 

tulc probt The probe o ' jcqucn<c In 

oX^ririea^d-.. ^evcr, a oub..- 

creased ftuorcscencc iAM """" hound to ds- 
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SSS^S^A^teSldldLa^ htaditt. and a n« 
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RGfltfJ (Ainuor^ccoce mc ^^^ r Y-cKrcmoiomc rcpcw 
fro* (A). ; 



t<5l ns with prune" *£J^2£?A^ amouV'of 
dsPKA coatoinH* „ ^ depending 

oa thr appUaiDo^ from £g£» 6, ,^ 

diatvdU fluoresce, «orf« ofinrr £ ^^anded 

pnmen ^TSaclwd buu of the P NA 

fc t marrcaladon f" ^^SSmdon crde. target 
aouble-helbO- Alter the firrt de*a^u£< PCK- <5 

complex the ^»££?CiS^a i»d£) of up « 
several mlcropanis. Formerly <r ^, _ ^ Huor«- 
Mace. There is also *o< XtB* to »DNA 



befo r. ua after, or — oondauou* ^ 
ding- 

USUIXS # vmr 1a order to asse*: the 

»£feaofl«»ri»PCR, w-P^ ^ ^ dyd present at 
D(i« gene" v»ct« P^^Yo Mta i (. typiol eoncstu 
eo^eSradcmi from £ "ft ude ic aid. followiag 
o^ion Of o A, hovo in K«u« ' gel 

Lcnophorou ^^X^ua whether WW «* 
or o^tr of the a»pto^^ ncelltt9non( , in4to( . 

l^r « a result of EtB-r ana pntnerc 

^pUt^irio^ ^JS^^^ends found on the hunu 
spJc^fic to repew ^fj^initlally contained euher 
Y^hromosome 40 . Jn=*f , mile human or no ONA , 
60 n B ft " " ? „!rfa for each DMA. After 0 ; 
five replieate ?CKi> rf L^^cyding. a PGR for each I >| 

rcjccnce marred In » 3A) . The shu* cf thu 

curve 

Vcflect. thctaccuw^ 7 ^ ^ DNA 

fluoroeenc. he ^'.^^ ^ cycle number 
hecon^^ar^dno^- ^ about threc-fold 

A3 sho*n, the for th< PCS3 er.nr*m- 

ever the dffS* «eiifi«^ I ;1 

D«A or humnn f^J^^ 2 ng-^j ^« |{ 
p«.enl to bep« T^vJ a detectable ln ^ # 

?^T^t M«1>NA ^ took pUee « 

Io addition, the tocreuc m d p CRl on a UV 

hy eimpV ^ the ,^P^C a P Sem through a r«c 
aW^iUatorand aic reartimi that 

fUtcr. This i. «nov/n "i»^j^ oM wirt no DNA. 
bean «»th 3 Wf ma'cDNA «xd U« ^ ^ 

§eiecdo»/«pecjflc ^1*^ ^ppnffSh 
pchc- In order to dtt*°n^« ™* ' dct;so0I1 

liquate security to aHtn- Ff*»^SSned- RP"" ra 

Of Ac reicnon tubes on * V" edfic for «■ 

5fl^'«5-^iSr^ 



I 

If' 
4 



Mdeoudcof on. P^^r^^^L-lnd thus 
annealing " t he S' B«*-nde oj 

P Eachp»h-of»mP^^^" d Se .peeific 0* 
tube) or Slddc-^le '^nad- DNA^orft ahooio^yG 0 ' 
!Sa^pe P-8»^,»^ lvl f^c torn a homo*yeo?- 

ekW« p-g'ohin 10 triple (» V*?- 

1 DNA to start rCK ' ' . J; 



414 
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'*« cJ pV^efTet, Gd &wpfcw* <■* 

V^t^ZZivxiae of » FCH. VWS * «>.r 
Coaanuoua 5 ^ uiutnuwcion £rort 

* 51 return i« ««*r..eenee to ,*c JFe^" 01 *"^ 
£ d flJ^Tenc* readout oi such an ^^f^jT 
5 ,? ^&Br-coaoininB amplification oTY-Ato«o- 
^cttrf. at a? Elb ^™~r£? S6 I, of human nwlcDNA, 
J0flli SFC^"^ 0 ! 0 xS^L torn a patrol PGR 

yTcS^^S-- ™* ^ o£P0R 

.■^ risrt and falls ^ T ^X a^curtdon tc«n- 

s seeks: « ^-wgKS 




Homozygous 
AA 



Heterozygous 

AS 



Homozygous 
SS 



thefuman fi-gjobw (tenc Th« J* ^VfznL itc right tckc 
^^^^^^^^^ 




continue to increase wuo iut*-, r i. o,.L_ 

Sur pro<W.l « » delegable level. Now tU« A. fluo-. 

i™ fcTn^Kr^.c. presumably because « «h"-w»f*2 
ESrVb no deDl& for *Br tobtad. Jhu^courM 
r ™Ac ampUtlc a »oa » followed hy rradung 

■T-SincdueB of tW« two ompUSeauonX by eel c ^ r °P h £ 

fJ Ade DMA contain wmpl* »° d «» deiecahle una 
| synthesis for the control saropU- 

M : Do^jciearn proa^ci such en hybndl»afln CO M£ 
PUiance-speofic probe can enhance the ,pcafaoty ol u~A 
i'feon by F&L The cBminauon of duta P™**** 
k£a« tfa« the specificity of thi, homos-r^.5 jaay 
* Hdepends solely on tha of PCR. I» dw ■ «• Sf 
U£aie. we have shown dial PCS nlona ban '^'^A 
Uucncc specificity to P=™< ^ nea \^!^JL 
Ppproprati ampEficadon conditions, there is hctle non- 
|& production of dsDNA in the 8b.*na. of the 

fe^frfquU to deccx P .tho^ be 
ft We or^«« th» that required to do gencoc «crce»^ 
f depending on the number Of pathogcos m the jampl* and, 
i- '^^oua. of od,« UNA that must be t^en ^th chc 
Jfi^le. A difficult orgx« it HI'. v;h.ch «qu.re.deteca^ 
P' • vinl genome th« on ^at the level of a fcr- coptft 
U thocS.de of host cells*. «^njpared ^ 
t^ening, «h»- is performed on aSb concaaung atlcMt 

^84 more jpidhcicy lid the input ;,f more , total 



25°C 



20ng of mala DNA 




2000 4-000 6000 
time (sec) 



8000 



AmpUficaSon uanr human m ^££^^ 0B ) e r in a eontrol 
p(» ^diout UtVAftouo^u). ^T^e cycled L«-«« 
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1 6^6 XVA T0:ST 



DNA— up to raicrogTMii imo "?^,"xiriaMge > ainOUnt of 

starting DNA. in «- «npM» ^ vvy a<Wldor^ 
the background ™ ot "V~SrTi muit ba detected- Aa 
fluoresce ^l ^S ^ **S«-2? ^ 
copy-number u 0" wr*^.^^ of °na primer 

u,li> g ^ other pnmer "^"f^^uum product Is a 
^frluently. once « «^ ™? ?J ^ c£»p«e voch 
Sale tor PCK ^^^^. ^rprimcr- 

dune* product « «f ad>N. ^y. 

^..r-diiter anpUEcnuoji, w= are ur-« ^ u4 . p nroer 
ETaf approaches, including 0*= use™ ^ 4 
^nM«ioi *ai take Sidon U red-ced 

sequence into tne r*-*. j^' 4 

theoUKOnudeotKicpr^cr^ o£ fl UO T«cence 

promise "^l^^ySe with •**^cru- 
otcomple«d |P*,?;Kr*to this foimat, the fluores- 

r^lf^ 

reader*. . _ to co«m»« u, V monit ? r 

Tht. Uucrumcru»«.on "ecou? ^,;«ple:ir. principle. 

m ulopk PC* ?^ ul ^ fl 6 ^?^ed I here k «• 
A cUmcc extensron of ths »PF«f 1 "' fight and -BU- 

multiple fiberop^ ^X^^^V^ 
to monitor mullipk J 2 £h<) wt that 

urge. &na :?ps^S^ *• toeaer 

auring PCR a O^g?**?? ^ Dollinger. »««i«npt in 

sri r W o-fSnn.- * ^ ^ »*. 

^"-^ b^lde, e S^rdU&cpocw 
manitonng o^y piowie » VTv/ith a known iwonber of 

BTpt molecule., * cycles of PC* 

fluorejo»<e by » P redl ^;£ "Til befor.'ox after *« 

cycle Wd induce P"~"SSV«f:UNApulrin«- 
rcsulcs due to, for ^P 1 *- ^X'"titlJii each PC* » 
ase, tnay be <*^. b J^gSfSiT-S* result in. » 

des — tniuij' more ^r*>« 



i r ;u m ha»e a 0uor«ceno» increase 

i flifivA. if a sample f<ulfl w ° t*,h 

P ? matiTcyclc^ inhibition ma 
v drawn 



or a bs«^ of fluor«o«n<* a ^f^; b«e0 on ibb 
p^etVeady fiW^S^Tbe obtain^ Using 
a ]um number «f « , ° J vm .~^': > nJ > 0 f dy«> "bote fluft- 

^bte to dewo specie DN^ni^ b^rtl upon this. 
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TK^BT^arc ^ 100 ^ v0 .^!^i 35 units o( 1> D^A. 



volume) comaifling j- r> _ Turt pmnoi — »- 

urg-t Anas *cr= "JS^i f« ml; (SiV 

hcisorygo* for &c T i ^ r vc fcr Unl- u^l^^Sl 

. ^ 1 rnjo. and !£« C stK» w a b ^ 
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^^t^l 

^cropdc acc«ioTy fr0in . t ?CK placed ltl i« cn4 

grin tS. «id receive ^^S^^cr Ccoa). TKe < 53 
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tic fiberop^ cable vers j« 
Oio PCK. wbc sua w« ™ — « . wc ' rfl iceffli dimtned 
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^t^n^jenc for M P ^ ^.f^SSSSL 



t£^,- S T^Swi a. »d lU'™«.r. K. vf. 1980 Amj>un u tton at > 

rtSJj wttft low and 3ati <*v«Lukol foiya^u»<^ " D 

jn gl N a Tf^f^ V.V-. IBS*. P~cdo« «f ^< B**. 
■ SSTSc <wc «• USX 8C.9l7a-oifie. 



Si^L^did te^»*u lBJT»e«5«W N»* ***** Ro " 

We -P~« -4 *pWi Ollj f^f^tLr-JJ 
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MUNO BIOLOGICAL LABORATORIES 



sCD-14 ELISA 

Trauma, Shock and Seps 




Sna cc-u molccute is expressed on the surface of 
: monocytes and seme macrophages. Momtoran^v 
i/^bound CO-14 Is a receptor for llpopoly^cchande , 
p'tLPS) compiexed id LPS-einding-Prutcin (L6P);^ 
. conr.wtrfttion of its soluble form is altered -unc^r 
i-i certain pathoiegtcal conditionfi. There Is evidehca^ 
I; van imporranr roie of with polytraumai eeoete, 

k burnings and infl flrnmationa. 

v 0wng eeptic condillons and acute Infection?! -it. seoqjd ^ 
\'p oe a prognostic marker and is therefore of value Jn- 
\ monitoring these patients. 



VPL offers an EIJ3A for quantltativo determinaflon of 
/ sqiuble CO-14 in human esnjm, -pisisrna, cftll-culture 
: V au^natants ar.d other biologi^l fluids. 
Assay features: 12x 6 determinations 
. (miorotiterotrlpc). 

procdaiad wttn a specific 
monoclonal enobody, 
- - 2x1 hour incubation. 

, , standard range: 3 - 96 ng/ml 

} v ■}.-;■ i i detection limit 1 ng/ml 
■ W: '""^ r: cV:intra- andinteransay<8% 



For more information call or fax 
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Oliaonucleotldes with Fluorescent Dyes at 
OppoX Ends Provide a Quenched Probe 
System Useful for Detecting PCR . Product 
and Nucleic Acid Hybridization 

Kenneth J, 1** Su«n JA Flood, Jeffrey M arm, ro, William Giurti, and Karin Deetz 

Porkln-Clmcr. Allied WWwmi DivMon, Vmier Uiy. California ^04 



The 5' nuel wo PC* d-*«*et* «** 

iaumulidon of tpccifU PCR prod—A 
by hybrlrflxatlon and cleavage • 
double-laheierf fluoroaerdc probe 
during tha amplification reaction- 
The probe I* &n oligonucleotide with 
both a r« porter floor****!** dye * 
quencher dye attached. An i«crea*e 
In reporw fluorescence lnten »rry 1«' 
dlcetei that the probe ftM trybrldlied 
to the t*rj«t >CB product *«d 
bwi cleaved by tiha S 4 -+V nude- 
olytk actMty of Taq OHA|>oiymcr»*c< 
In this tftudy, probCi with the 
quenchor dy« *t*ach«d «o nn Internal 
nucleotide wore compared **/ttn 
urobc* with the q«ench«r 4y« at- 
tached to the 3'-end nucleotide. In •« 
1 eetci, the reporter dye woi attached 
to the *' end. All Intact probe* 
tkowod quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
4 nd nucleotide exhibited a larger slg- 
rmt It* the nucleate PCR a«ay than 
the internally labeled probe*. U u 
proposed that tUo lers«r *lo««l I* 
cameo* by Increased HhcllhooJ »f 
cleavage by DNA polymeraic 
wh»n the pcohe is hybridlittl to a 
template atrand during WR. Pr-b^e 
With the <4oenUier dye attached lo 
3'*«nd nticleotfde a'so eithlbtUrd 
«n i«vcr«**« U reporter fluorescence 
tnWi.Uy wh«n hybrld|».d to « cori*- 
, plcrnvnUry *Uo«d. Tl*«*. oI10<him«U- 
orlde* with reporter and qu«m*h«r 
> d>«i attached at oppOilt* encU can 
- be uMd a 1 homooinvoui hybrldU*- 



UiJ M<\vir.iilk)tloii of specific IHIK prP^- 
iict 0\»t uf«i a <!6ut3lrMaUclcd tluoro- 
KpoiiprolK dasr'dlk-d hy L<« ctid, 01 
Tlac «3av -MploiM- the' S' - * 3* iiude- 
0)yik% acUvity, «f. :7«3 DNA po*?- 
ijiein^'' bikI I» <Yln«rainvd In llguvc K 
'{lie iluoi'ogtnlw |J3tjb« ttHiulbit)' Of an oil- 
jr^ nufl ootids- vtailb u wpurtw nuorfticent 
Uye."»mh « « . ■fhJOU'bUflu, arta<hed to 
Uic V' cm\\; *iictl ti (jucnvhcr dye, jveh « 0 
rhodajninc. Aiiacwd Internally, 'When 
tUe tJuorwcain Is excited by irradiation, 
lw Aviurcicrnt cml49iOil vyill be 
quenched ii die jUjOuiiiltit: b cIoh* 
cnoUitfe to be exctted through ih* 
c«a > 01 itueiie*ceiu:»' vrtvr^y transie/ 
(f I>0 ' llorihg pr.H. If Ihe prot>C U Hy- 
hridtxed to a tcmplaU *imnd» Ta^ ONA 
pr*iymrnwc . will cleave die prwbc b«- 
ciiusc:pru$ inherent «V 3' nudcolyttc 
"activity-"' if ttic cfMsvH^e occur* heiwecn 
thC; fiuorvscein aind rhOdan^nc dya* ( it 
cauiio a n iper ca»* hi £1 uwi odwi n fl«o rv- 
cence. Inirn^iry because the fluor««o«in 
\k 110 hinu^r cjumched. The bicjeasc in 
fiuufuiccin n\JOfi»cerice Intctuuy Indi* 
cai« that Oh* proU-spcclflc I'CRproduOt 
hiring. ^Cw'trted. tlnu, FSTbaliwn n 
iciwiMci Oyc and « cjucnchtT dye Is tTrtiU 
cal \* the ix^fofniauv.c uf Hit Ui 
the .S' iiu*.l*A»*.* 1*C1* o««y- 

Ov^ocKinjf :« coftiplclftly Hcpendcoi 
dn the i>l»y."ioil r,wo«;.-iity «f Ihc 
dyo/^ Because of thla, il ^ baun 
«in\od.liiol f Hie quench cf dye must U- 
Jticiifed n*ai tlie 5' wid. Suri>ri:ilin;ly, 
vie have found that attxctilAa • rh6 " 
diiiiliit dyi ■i'Uic'3' v«»d » p*")« 



KttLfttuiy. iMrth r.r morCi clcavaRc of vhla 
ivi>c of pn>b« ix not rcqul/od acnievc 
K>mc jolaaion In qUtncWnft, Oligonu. 
clcotidci with a Tcpoucc dye on the S' 
find nnd A qurjichcr dyr on the 3' end 
ttxhlhii o mucn UtgtteT renortrr fluaros- 
cvttw wh^n douDlc-sittinilcd com- 
pered wtih <i'««1e-«u-nudod. TJiii *J»Quld 
inaKe U possiWc to tni^ type of 4ou- 
ble.iafoeUcV probe (or Homogeneous de- 
tection of nucleic acid hyhnuuanon. 

* MCATCR1AL5 AND METHOD 5 
Oligonucleotide* 

Tiblc 1 shows tht nucieoddo joquciiw 
Of l^tt ollgonuclcoildcJ mcd In tlib 
niiay. uiUcer arm nucleotide (IAN) 
phoiphorMmidfte wis ohramed f/oin 
OJeo RctKtueh. Tlic *Uridi»f<J DNA phov 
phoxamlditcs, 6-ca*boxyfluor«ciiln (6- 
PAM) phospftonimidltc, fl<qrboxytet- 
ramcthvlrhndaminc sueauiroiilyl Micr 
(TAMUA VMS cva-r), and I'hospMmk 
for allechlng a ^'-blocking phaipnatc, 
were ODtalACd lium VnrWln- Elmer, A]>- 
j>Hwl BlnsyiumJ l?WIM«n, Oiifjoijiiclc- 
otide synthesis was pecfotmed using an 
AB1 model JQ<tnNA cyntnctiier applied 
Dlvsyiwrru), ?rlmci ana compiemttnt 
uh^vfiwdeoctdei were purifica u*ing 

Otl^u Puitncoiiun C^rlrldKO (AppH'-'d 
BLo&yilctn>). U^ruUlL-ialiv.ica funlnrs wtrc 
.^y.nhr^a wtih 6-PAtvMabeted phov 

pU^-uuJlU: 4l Ut* -S' mi.O, IAN K-plafliqS 
oiu-.oFlheT'i In the «Knienc« ( Bad rhos- 
phsimk »i «hr 3' trnd, PoUovraifi db- 
l «iiit*AUni dim cihartuJ yrwlpltmiuii, 
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Polymerization 



PiiM«r 
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Prnhfl 



Etraad dioplaoomont 



Pnmsr 



Cleavage 



Polymerization completed 
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. FlGUfte. 1 Dieram of 5' jmcletoc d««y. Stepwise rcw«emiiTl6fl cf me S' — 3' nucUwIyik ac- 
tivity of rag una polymerase actinic wi « (hioruiccnlc urutic durUiK one- cartwitfoii piw* t»f 



IUM Na4jlcdft>0imc uuK« <pU °,0) nt 
room temperature. Unreacicd dye was 
Kiiiowj !■»/■ f**»»«fl* w« « Scpltw* 
dcx column. rUaaUy, the double -labeled 
prubc "woa purified Vy preparations Hij;h- 
pcrfuruwnce liquid chTornatti(craphy 
^1 J VlJt ^ using an Aquifer* V„ 22HX4^#- 
mm column «4th ?-j-.oa particU »e<J« The 
column W4A dtrvefaped v»ilh 4 &4miln 
UtUittr gradient of occtonUrUc tn 

0,1 fci TEAA (trivthylainfov i*cotaie). 
Wore* ata Minqd try dofignaUng th* se- 
quence /com Table 1 And the position of 
the USN-TAMHA moiety, l*cr example, 
probe At -7 h« sequence At vrJth IAN- 
TAMfiA at nucleotide position 7 from the. 
.V «nd. 



PCft Syalcrna 

AU l*CH wupliricaUorn vvfjr performed 
iu tbe rcikin-Elmni CcneArop l 3 *J^W Sys- 
tem y^oo ualng MJ->U rcactione that eon- 
ttlncd 10 nvM Trts-HGl <p» 0.3), SO niM 
KCl, ZOO OA'IT. 200 HM dCTl'. SUX* jutf 
dGTT, 400 dUTp, O.5. unit oi Amper- 
es* uracil tf-dvcosvlase (Pcrkln-EJmer). 



jrene (nucfcoUdca 2141-2435 in the se- 
quence o/Nak3iUna-n[Urui ci aO ul wai 
*uipK£I«d .uj'iifci (jiimeo AW and A«i? 
(TabW 1), which «« modUUd ftlljhlly 
from IboK of dy BreyU* ct nK tfU Actin «n- 
pllflcaikm reactUjna comalncd 4 
Mgt'J^ 20 njj oi human genomic J5NA. 
£0 nu Al or AU probe, and JU0 am oach 



TABLE 1 Sequences of Oligonucleotide* 



prliwir. The tdar«\al i*0lm«n SO'f: 
(2 mM, fl.V<fi (1t> min), 40 eyrie* nf 0«W 
(20 seOj core O mini, *nd holdcl 73*0. 
A MS-top fcgniKiu will »upl(f*Cif troill iJ 
pjojmld that c<»nvUta of a accent X 
UNA (xillCkotldcB 32,??0-3?,747) in- 
serted Jr. che Jwol *ltQ of vector pUCH9. 
*l*h^«c ru^vtluiu uJiiUtfiMl ium 
MjjCIj, t Aj| of plucinla DNA, 50 riM P2or 
probe. 2D0 ttw pflmor VHP, and 200 
iuh R1)S>, *l*iic ihcrmM ic«Jm«v 

wau SO-c u miiO. ^3-^ (io mm), Zs ty- 
dcl of VS - C <20 sec), SrC 0 w^)/ 
hold a\ 7a»C. 



CluflrMCflftcr Detect Inn 

Vof et.ah amplUlcauVon roue U on, u 4a 
aliquot of * sample vr« irao^err«d to »n 
individual weW u< «whittv $NUw«U mlw 
tlur pl>td (Pttiln-i'lmcd. Fhiorciwrwt 
v/^a maacurod on tho Pcrtun-tJtnct I'nq- 
Maj: U)-St*U System, ^hich cf*n»l«u of * 
luiTiincsainca spvclronKaw wl^h P ,al<1 
reader aaictnbly, a 4B3-nm cxcHaUon ft I* 
Ut, And a Mii-nm emlulon ftifcr. Poccho- 
tlon wai. al 48R run iwing i\ S-nm «Ut 
width. Emteslon measured al 518 
nm f«r ii-VAM (the reporter or It v»luc) 
And om forTAWIU (tbc c 4 Ucnchcr or 
Q v*Kit) v*ing a 10-nm slU vrldth. TO 
dcletnibic the Iiicicam; h% %<y «-*- Us* cinU- 
iljii that h caused tiy dcovogc o( ihc 
probd durlivj thmc n(*rm*li/^lona 
aic applied to Uie tav» «nU*Mfm dtia* 
Viti\ t cmlwlon Imcmlty of aWf«. liUnk 
Is subuactcd Ibi eadi wavdcuglli. 3cc- 
oud, emission InleASity af the. icporleris 



nt< 
i<ac 

PS 

MeV> 



UllBlL't 
pitniVT 

complement 
probf 

Ctflnplmi«i't 

priAief 
primer 

uuaipl«tii«ul 



AOCCACAOOAA<rrClA-| CACCnCf C 

Aixn^HjcorrcCOOCir.AXKri'ieitir: 

*icCr<>rj7\ci^Ai , cu , rix;cxykA<;cACXp 

ci^crccrrCGOA(%)ATCA<;TAATnoaA*«0 

C^tiA'lTlX^ClKKTTATCrAlX^AACCATV . 
TiTArcorrCTCA'fACAl aCOiOCaaai ccc 
TCWCCCAOW OT0CCCATC7ACaA 
l WC UUHAIXXIU t'XiTUCCVWTOU 
AXy CCCiC<XXXA£CCCA;iCCfvC0 rp 

A(^w:<;(utt;t;ATt;(^»*t:t;c;tK;A<:<;(i^TAt 
corrm rtoAcrroCACCAAOACAn* 
rr>ir^cn , acrcnAA0TOCAO0OCOAC 



For eict) ciuonuacunuc in into *iudy, the nucleic add icsmw b written in ^ 

O -n.r.r «, r (Ium- Ivnr., nf uU«ueacOlide«: TC* pill»«r. nuo^^nlc probe *tt< 
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A1.3 

A1-7 

A1-14 
A1-10 
A1-22 
A1.3G 





C19 




nm 


1*0" 




ARQ 








no %«mf* 


<■ Wrnp. ■ 








.— ■ 
A1«* 




S2.7i 1.0 




69.C* 3.0 


Of? * CrOi 


o.m j o.o: 




A1-7 


5J,Q ± «.a 


506. t J ZtA 






cuo • 0.0* 






AM 4 




435,5*10.1 


I0&.» ii.J 






"4^4 i o.i a 


3. IB 4 (US 


Ai-<S 








7t.0*0.0 


3 C7 j Q.0G 


fi.COJ.OAC 


3.133 c»ie 


A 1.22 


224 C 4 O-l 


4«1U «i 43.* 


100.04.4.0 


WXiO.fl 


C.2& 10.09 


ice 10.11 


C.77 10.12 




I60L2J OS 


«U A * 






1.A1UJU2 


b,oi x u\n 





•*!« iwdtiMu. At aWW li\ Miwfiah- and Meinptls, wji wnitfiflcaionfi omumlng the Jn- 
di«wd ptobat t**toim«d. »d the fluitr^ncc emiJiipn w« measured at 5 w and J82 nm. 
deported veU,,, „n, the a v C « 8 e*1 *,r>, foi *tx rc>cifaiu mn; wu»,uu. addirf ictnphtc (ii o icmp,) 
and: six rtBCflow run with umpUra (1 wmp.). -On- WirJUO was calculated for web UidhnclW 
(taction and a-ec^ud to tflucthv ^V 0 * 1 * 1 Wl" U<V v.Muis. - 



oiviaol by the emission Iiuvjuhy wf 
quencher to give an KQ ritflo Cor codj 
inaction tube, Tills normalizes lor wcll- 
to-wcll vfiriatiunj-'in probe mnocf«ra- 
unn jna fluwnrsctncc measurcmenf. J'l- 

» nanv, aiU4 in CAiaiwiea rjy sutrnactlny 
mc kO >Qlue the no-icmplaft: txioirol 
(RQ,~) fcorfl the HQ valtiu <uf Ui* tum- 

* pKtc icacnon including iempl^te 

a, srn« of probes *«tli inacrvMnj? dis- 
unces oetwem tne nuoreiccm rqjynci 
an J rtiodaininc <ju<»nch«i we7« tcaevd tu 
investigate th» minimum m^iflMxm 
jpaong ctiiir wauW jive ftn ncccDr»bl<i 
performance m the 5 f nuclease I'Cn w 
i»y, 1*ne6e pnjbcs hyMdtw. (o a targa 



fte^ueri.6c in the hunian |5-acnn. Rf.nr.. 
fl^uic % allow thc iciiilH of *n exftori- 
men 1 in wliich iliexr probes **trt In- 
cluded In HCR .Out ainpUIlcd a sc^pnent 

Svquciicr- IVii<'fifittiiv« la tUc 
cleose TCH *»«y is monitored \iy tl«* 
ma^t>iutde of AKOj which la p tneaauir 
of ttw tncrtj hie in ceporii.T fluoresiwice 
ueutcd by PCR >nipllflc»tion the 
pjobe turret; Pr«t* Al l « AUQ v*j*4«r 
iha\ 15 cioji* to /xro. indicating tKoi the 
jjrobc was uot cleav^tS apprceiably itux- 
tng the wupll/leitK'ii nn>ct'u»i. Tlih iuj- 

sccuild ntidCOlUlC ffoni the 5' ctiii, ibcrc 
u insufnckiii luuni Ivji Tjv ivolymeittsc 
;g vlcivc r((U.1ibi)Uy between the reparrcr 
anO qucodiei' Jk* oiher five proho* mc- 
hlhltcd wmparabJu AU<> v&U#t lh«l *r« 



clcurJy djffcfcnl from rem. *n N 

probed trr beTng cictrved U«wr K:K a^n- 
jilJ/Jcuilw* iciultntj; in a aliiiildi incr^Ne 
ill icpufto' fiuwrt>ucJtw. )l nhoulii be 

noted ihnt complete di^non of 0 prohi 
pKiGuccs a much larger incrcajc in tcr 
ponur floors cence tlmi Hiat observed 
in ft$u«« 2 (dau not ebe-wn). Thiu, even 
In rvacUtro where <nnplif»allun uccar*. 
rnr. majority uf probe molecutce rviuuhi 
uudeaved. K is mauny foi tnts rejson 
that the fluoioscence imeaitiy or the 
queachcrdy* TAMAA ehanfie« lllOe with 
ampHflcallun nr ihc largpj, THIi la whftl 
^Uowi a* to u*e rhe ;«0Z-nni f»m»fcsecn<x. 
reading *f h fK»rmahatttl«n I actor. 

mninly nn the gucnchirift vrrklcncY in- 
nerKnt in rne specific .irrucrurc f>l the 
probtt and the purity o) the ollgiuiude- 
utide. llius, tb<i htb et valu*< Indi- 
cate ihaiproties A\~l\ Al-22/ and 
A\-26 protjabty nave reduced quenchbig 
a$ comparad with A1-7. atlit. me decree 
of ^uciichtn^ U tulficU-nt tv acted 
hf^Kly %lK»**ftcant In*™*** In rcpoftur 

is cleaved during PCR. 

To Rirther tnV£S^ga\e the Ability of 
TAMUA On the 3 r <rnd lo quUTicJi T.-PAM 
oa the 3' end, three &ddillurul poln of 
probci >vcrc tc5icd In tile 5' nuclease 
PCR aa*fly. «acli fuu*, one probe 
TAMPA attached to nn into*»\ftl nuclO* 
ullJc and U'lt ol\i*i hw. TAWIU *LUclicd 
to the V end nucleotide, The teaulu 6 re 
tlurwi* la Tabic 2, KOf all tlirxc ic.tv the 
l?rob< W«h tbo V quencher cxhlb^ n 
&RQ vtdxie that U cuf«iO«r«Uly i»iRhci 
than tve Ok probe with xbc InHcrn*) 
tocher. The W Vfl|«c5 snES"* * hnl 
dlfferencca b\ qU^nchjn^ arc not ux isrwif 
«1 thoac oba-cTvod vith srom* »>f th« Al 
probes, The* rcaulta dCiiaot«trate I hot 0 
quencher ttye 011 the a 1 end aS w ollgo- 
nueleaTKie rjn quench efficiently the 



xc. 



. . . , a r^^Kn* UtoImui wlOi TAMRA Attac*i«S to An internal or a'-Urminol NnolwiUdc 
TABLE 2 Results of V Nuclease A a»y Comperes iTotxm tfWlwm> — — — 

5B3r nm 



ilft run 





Ptohft 


no Temo. 


+ temp- 




Al-6 
A>2* 


a- 3.2 
71A * 2.9 


236,5 a. 11.1 


the 




62.B x 4.4 
113.4 = 6.6 


3bH.0± 34.1 


trti 

Iti. 


1*5-10 

i>ze 


77 J = 6^ 
Ml 3.* 


2*4.4 a 



+ temp. 



UfJ.2 'i 0,4 
64.2^.4.0 

; ioi.i x 0,4 
.. :,i<jt>.7 r fi«5 



X 2.5 
00,2 J- 3.8, 

* 10.2 
119,7 = *.B 

V5Lfl-r 0.7 
94.7 = 



0,86 'X U,W. 
0.7? 1 002 

attt ± ^1 

0,69 * 0X>& 
(UA3 ± 



2.62 - 0.05 

^*rftlO 
2-S5 ? 0.06 



AKU 



1,7^ ± 0.05 

2,40 0.1 C 

I3.&8 t 0.10 

1,66 x 0,08 
2.89 i 0.i:i 
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fluorwsccncr of a mpnrUr dye on the S' 
ami. II im dw^rue of quenching ii iuflV 
cioaL U** Uii* (yyc of ull^ronMclcoUdc to 
be uxed «s n probe in the V nuclease PCH 
way. 

To tect tba hypothec thai cj\j arching 
by a X* TAUUA depend a on 1h« fie nihility 
of tha oligonucleotide, fluorescence 
mcaMiiatl fur pirobts in the sifl#e« 
unncted and UuubUi ttrandtul cistC*. Ta- 
bid ^< I'opotflt fluurwcenvc* -ahfi&r*^ 
at S1H and SZ2 Jim. Th* relative degree 
of quenching la assessed by calculating, 
thr RQ MtUt. l*nr probes With TAMRA 

K-10 nucleotide from the £' tUwv 
U little difference in the HQ vohies when 
a imparl cc siii£]e^uaii(U:(l wirh doutle- 
suauded oligonucleotides, The resuiis 
for prohef with TAMRA ft (rui ¥ vnd are 
much different, for thm« probe*, hy- 
brJdifcetlon to a complementary strand 
cnusca a dramatic Increase in HQ. Wc 
propose ihat ths.v lass of quenching 3s 
caused, by Wi e rigid uructure oi double* 
Ufkru&d Una, which pr«v Mn t* the 5' 
and 3' ends from bclnx in proxirahy. 
When TAMra is placed toward ttic r 

«TUt. thOW U 1 nmkad Mg* 1 effect on 
quenching, flgui* 3 *hows a plot of ob- 
served RG values iur thu Al lerlcx of 
probes a* a fun don ofMjj 1 * concentra- 
tion. With TAMUA attached new tjw 5' 
end (p«»hs Al-2 or Al-7), the ItQualuc al 
0 cum in only Slight ly Ulfcher than 

RQ at 10 irw Mg*\ l'ox yrobes AM9, 
A) -22, and the kQ values ar d ihm 
Mg*" art very hi«h, indicating a much 



twJmcccI quonrhiny cfflcloncy. Par ench 
of |Kc*c prob**, Uwim U h marked do- 
crvaac in al 1 mm Mjf 3 1 folhmcd by 
u jjrudual decline w ihc 1 concen- 
tration irtxrreatet to 10 oim, 1'iulm A 1-1 4 
fthawi an tnicrmcdlate JfcQ ^«Juw if 0 tnv* 
M$ 7 < w;ih h ^m\iuo] <kdinc bi rii&iu? 
Mj; 7 * comciiliaiuius. ]n a Ipw-sah en- 
vironment .wild uo a/s^ ,,t present 3 sin- 

gU«*lr*mlv<l oUgoiuicluftlJ (Jc would bo 
<xp«**c<l 1q Adopt «u vJMrnUwl con for- 
ma \ioi\ be cause of ckctronaUc irpul* 
: jlqn^ThV : ^lxuiiii2-oi Mg tt * ion* nets ui 
^ *i Pi jJ.^ i^?^<6^ cliargc of tnc phc«^ 
pluU backbone to char the oHffonucJ«- 
otldt con adopt conformations where 
the x' cmi K close to the cnti. *i*heie- 
furc, the pbsc/i/po Mg = ' effects support 
thr notion th«t qucndiing ol a 5' re- 
porter dye by TAM^A at ur near the 3* 
end drpcnd> oil the flexibility wf the o\\- 
gonuclmrtclr. 

DISCUSSION 

The jtrlkJnt finding of this siudy J* That 
Ji; ; ^ems tfe rtiodammfi dye Tamka, 
pUcod el «ny pocUion >ci «n oli^onUclc* 
otidCj ran quench the 0u orescent cmiy 
sion of a ;: nufluvsctlh CO^AM) plHCPd at 
vhc ^; end .^hij implies tn3t a $<nftK-- 
t >i r&c* ci . ci «i\>l <i . I a bo1 oligonucle- 
otide must h<* ?blO \<y adopt oonrorm^ 
tlofts Wlurr4 .th'a.TAMRA Ja eloae to rbc 6 
«jid. It sliduicl be: noted tliflt Uie ducay o/ 
^I'AM in Oic vxvlted slate requires a cti- 
tbln n mount of time. Thef«/or«, vfha( 



TABLE, ft GomparlMMi oi PI\irjrc\cr«Kr F'llUaaUAfi? yi ^UiclC'^Trnnclcd and 
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3.21 


rz-; 




70.1.1 




121.09 




0.SS 




20J10 








0,41 


S.25 


I'i-IC 










0<« 


a. 87 


?c.an 


XLU 


4^2.20 






0.46 
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(15) SJnglc-.nrandrrlThr fluorfKTJJie rmijiiam ji ot $82 hjr for K>lun<ma containing 3 filWl 
aincemraxloii of 50 iim JudlCAlcd pmbr. it? Viis-I.IQ ipll 50 mrnXO. «nd 10 mhf MsCl>. 
(di) D»uWe-)Jcr»ndrd. "I"hf, pnUnlwnJ conulnett, to oddiUcnii 100 nw A1C fur pmhr* Al-7 %nd 

Ai-zo, loo t\ii A3C far probes A3-6 ana a>'H IOOjim l*it: for prnua ?na i*27J. or 10Q nw 
rJC/ui probwfj-io and i«5-x**. ncrnrc mc Jortmon of M^iii f tii cxeaclJ siiiuiic t*o» nwccu 



nwttorff far qucucblug u nui iliv 'j^crijje- 
dicthnoa b<siwccn 0-JAM end TAMfU 
out. mthcii how close TaMPA can f et lo 
6^AM rtuilug the Ufhome of tnc 
«xcitld ttatc. Ac loo^j -* ttic Uvvvy tltrn; oj 
t]i9 exciwd nuic 15 relatively lonflf <vja« 
f airO with Uie rooituiJaf inoUon^ of the 
oiignTiucicotiac. tiucncnln^ cau occur. 
Thus, we propose tnar tamra at tJju 3' 
end, or any crthor yoMon, can cjuciuh 
64AM at the N' end because fAMRA Js Jn 
nrox(mU> Ui (5*VAM often cn<njgh lo br 
able 10 accent i*nprgy nansftr from an 
excited (i.» : AM. 

DqU»U o/thv tluoi«sci>nc« measure- 
rocnts rcmoin pti£eUa&. Tax cxflmpJc, Ta- 
ble 3 shirws thai hyurwinfion of protjcs 

A1-2C, A 3*2 4, and to their cnmplc- 

mcntary strands nor only causoft « hrgo 
increase in 6-PAM Huorcjccnce M 518 
nm but flho causes a moatsi lucroqc in 
TaMM fluorcsncna^ at nin. Jf 

*j AMUA li boing etcltwl oy c^necgy trans- 
fer from quenched f-VAK then lose of 
qticochinR ottrlbutable to hybrldiaaUoTi 
should cause, a decree In Ihc /luorcv 
cencK emission of tamra. The fact that 
the fluorescence emission of TAMRA In- 
ctcmci indicated thtit The aUuotion U 
morp complex. For example, we have an* 
eccimai evidence tltut n<: basos of n> 
oli^onucittoTid^ especially (.i, qutinch 
the fluoccscMtce of boUi ind 
TAWM lo flomc decree. When double- 
itcuided. base-pairing may rsducc the 
ability af the. bases lo quench. The prl- 
ujwy fActor ousUig tfiu qutnchinft of 

O'fAM in an Intact pcobc i» \Kr. TAWBA 
flyc I'.viUcnce far Uie lmponana of 
TAWIU it ttul 0 /AM Miuiioamce 
tan a l<i» i*l*il*/ciy uiidon^ccl vtficii 
yio\>«t Uhul*J only with MAM are wed 
In the $' iiucU>ojc l'CR «>oay (<1ala no* 

5howiU. .'icroDCflry effcaon of fiuorc 
oencc* both before anci afiei cleavage cf 
th* probe, need to ho explored further. 

Hee.ftrdlcfis oi the pfiyilcal mocha* 
aim, rhc relotWc indcj»cndcncc of por- 
tion ond qucnchbig greatly slmpllllcs 
in* design of probe* for too S' nuclease 
I»CR 4S.iay« Thorc are three main he tori 
that deiorrnloc the pcrfoctuontc of a 
doublc-Ubeied fluorescent probe In Ujc 

nuelearo' 1^:11 fla*ay. The tUzi factor I* 
the dearer of quenching ol«K*rvc»d in the 
im«o probe, Thh U chflractcntxd by th« 
value of RQ/ < which Is the railo of /c- 
finrier in quenehof fluorrxcent cml*: 
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mM Mg 

ncuRS 3 Wf**i *f uf* ********* on XQ ratio far the M 

em i s «U«v inUocUy *i il* SSZ ntn was measured for «Jutiw« «f^6 *° " w e 5 . . i ?„ 
TrlHU (pH 50 mu KCK ontf varylnc imouna CO-10 m«y of MjA,.Tl* ^^"'^ 
™i« Sllnni iwndiy dM^o by MZnm liunufir) «u- ..Urttttl yj. vfe conc^iwOon (m* 
Wrtl- ' n »* (UW" i lie pioUa vuiulunl. 



fjyes used, npociofi between report** and 
quencher dye J, nucleotide sequence 
context effecu, presence of jtcuciurc or 
ullici faclwi* llkbl reduce fl**lbUily vf 
ihc aUgonucteotfdc. and purity of tha 
probe. The Jectmd factor I* tbv. efficiency 

* «t liyhmllzauuu, which depend* oa 
f«oU* T uv pmenci of leeondary Mru<* 
lure In probe or tampUic, annealing 

< icmpciaiurc, and other reaction condi- 
tions. Pic UHrrt fociov U the efficiency a\ 

* tftilch 7«g DNA polyline »c dewes the 
bound probe bclnccii Ihc reporter »nd 
quencw dyes, Thb cleavage Is depen- 
Jcnt on >ci)ucOCc complementarity be- 
tween piobe and template jss $ha*J!i by 

* vhc oU>c<vAii©jt Ibal mismatches in the 
segment between reporter and quenchur 
dyes drasacaTly reduce the ucuybkc vf 

The ri*e io RQ' values for the A3 se* 
Nci of probes scxim)* ui ln<llcaife that U)^ 
rtc^ffc of quenchlnc la tcUim:vO aomv- 
vmn as live quencner ts jiucud towtud 
the ;V end, lha lowest Apprent auench- 
in 5 is observed for ptobc Ti^. 
3) r^uvet Than for 0ie probe where The 
TAMBA U al Vi« 3* «Od tA.1-26). ITIIS IX 
•trndcrsiandnbte, a* the conXoinuiton of 
the 3' ena position wtAiid Dc expected to 
tia lees reuriacct Than the cunlurma-Tifni 
of an laUrnal poKiiton. in ctlux a 
(jucneba ai Kht 3' *i"d 1& f«€r to utlopi 
Ccnfortrwlloni close to ihe S* r«portCf 
dys than U on interuolly placed 



protkM. tUe interpfmdOH of RCt v«luc5 
"o kw-vletr^ttt-.ThcAJp'robcj »ho^thc 
sarac-Ucnd « Ai, wUh ihc 3' TAMRA 
piabc bavlnj;^ Uq;er IUV Uwn Ow 1«* 
urnal J AWlO\ probe. Por Ihe pali, 
txrlH proliMc ho^* *bn\j( tKc samr RO* 
vaIuc. Foe ihc PS probe*, ihc HQ Lhe 
;V probe h Ie53 than fat \ht inie^riftUy 
ifltirlco probe. Another (acror tH^i mny 
Wptiiin toJ^K tha ohjtrfvcdyarlaHcn Is 
iha) puVlty «ffwc*a;th» KQ" vaIuc Al- 
0uiu$h all proljtz* o<x Ht'l.C |<uiiW, »• 
imal! amount of cohtaminotlfto with 
uncptcnebicid rrportcr- (am have aUr^e eJ- 

Ahhuuch there tu*y be « inod«tl *I- 
fcei on degree ot quenchlh?, ihc posi- 
tion. uf-Uic queucliyr ap|«arc/«tty uih 
ImTc * -U<gc cffccl on tb< cJTicicnry of 
p»vbc \ kavftjpe. Thw m<wt <3r«r*«<: <tWtd it 
obsurvcjL} Waji jttoUc Ai*2, whecfe pU<c- 
mcni n' \Ue 'rA^RA on the aw«wl 
vlruUdc leduurt ihc efficiency of cleav- 
age to almo$r*oco. for the A$ f P2| and VS 
probe*, AUQ U naudi K"^l* r Jor 3 ' 
TAMKA prohitt US compaird xlth the in- 
lernAl TAMHA pmhu. Tins 15 explained 
mosi cosily by ayiumtup lh-i jjiobti 
wlii\ TAMftAat the 3' end are more HKoly 
to Oc cleavtttl heiween wpwlci and 
quonch^ thui arc prohes with taMRA 
ouachtid inKriwlVy. Por the AJ probes, 
the ckovftSQ «fCc5«\cy ol probe Al*T 
must »J ready be quite hl^h, «x AftQ decx 
nor mwr whcri the q\icnc7ier U 

^aia« ^ rh» ^* rnH. Thin illus- 



trates (he importpn^ of Mne *hlr to 
use probes; with * o**»ichor on <bo A' 
end in mc y nuclease !*C« anay. in thU 
wsay, «o liVcrc«ofi in wc intcnMty of n> 
porter fluorescence is obwrvftd only 
whuu the probe I* eWawd UlwWIi tin? 
feportar and quencher dyo Dy piflcinK 
i«h»«Lu* qutfiiOKM dyyt oil iho 
opt>o*Ue «nd» of olif/snucleciide 
lirobc. any cl«*v««o Ihfll occurs will be 
tkiecicd. WUcu die quencher U uitodivtl 
io .wi UkU-riial nuetaullUu. tiuiiwilipaw d»t 
jav#U wwcV* ~«JI (Al-7) »iid 4iUlur Itillcs 
noi so weU TIjc roladvory poor 

performance of pnobc prcwm«bly 
tneio; «ho p«obe U betnfl; cleaved 3' lo 
the oucnehor roUu* than laatwceo vhc 
rppnnrr nnd quencher. fl««>for*. the 
bcit rti^ncc of havini: o probe that reli- 
ably delects accunmlatlou of ?CH prod- 
uci in the S # nuclease rC.'K ajsay li io uae 
a pTohe wirh rhc reporter ond quorwhor 
llyc* oil oppoMte «n<k. 

Placing vhc quencher dye on the 3' 
and may al«o provide 3 sUj<l)» bone fit lit 
terms pf hylindlxiktion cJtiocncy. Hie 
prcsccice oi ft qociicher atucbed io an 
InUnial nucleotide mlfthl be expected to 
dlkrupv l>«so<) i airing and reduce the T nt 
of a prohc. in luxi, & rct-.1 fl <! njdiMiun 
In hw been observed fw tv<. probe* 
Willi iMtaiidUy aOttdiedTAMKAi.^llio 
dlirupuv< affect wc*uld be minlmlccti by 
piecing tbc quencher it U\c V end. Thus. 
I? rubra >*Ub 3' quepehen mighl exhibit 
sllRhtly higher brbridimtivn efndundarf 
Uwi\ pial.^S wlOa tn tenia] yucnciicii. 

Tha comhlnAtloo nf increased de<v< 
a C c and hybridUatlon tffidatieie^ oiean.^ 
thai probes with 3 # quencher probibly 
will be more tolerant of mismatches bc- 
iwoen proV and toPger 09 compared 
^;tl, ;ote/»idlly Ubalad probat. TIMS lol- 
erance of momalchci e*n bfr cdvAnla- 
geoun, a« when trying to use a ^n^U 
probe to detect POK-amplificd product* 
r M .m»n«.|d».urditTt(tiU5pCClC5.Al56 ( U 
meona th«t<;UAvag«t of probe during PCR 
Is U'J3 aeji,dHyr to aU^rtdJoiiii in 

QC3lih« Tcmpcrahjrr or other icacUoii 
coi\dllloni. Th< one. app)ti:atioii where 
tolwaaoc of mlsmatchei; may be a cUsid- 
v^atagr. i.i fer allele dUcrlmlnntlon. li:a 
CT at <M demanstrMcd that allele-siHicHiC 
rjrorvix wutc clcftwl between reporter 
ond qu<mcl>cr onfy when hybrlci^ed io z. 

pwfectly complementary- rargc*. 'rtttZ al- 
low*! them tc* dlstinKuiih the norma) 
human cystic fibrosis allele [torn rhv 
mucani. Thdj probeft had tAMRA 
atuchad to the seventh nucleotide ftom 
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dyefctuad, ipocmg between reporter and 
QucacbcT dy«s. miCUoUdc sequence 
cunm effect, presence ol umctute or 
other actors thai reduce flexibility or 
th< oUgo&ucitfotirtc and purity of thc\ 
otobe. The tcc*md factor u tnc efftoency 
of hybridation, *Wch depends on 
pioDe practice o* secondary siruc- 
tuto In prab< or template, anncollns 
Uirmcr&fcura, aad oihar nictlon condi- 
tions T>i£ third factor is rha Qfucicncy ac 
whicn m UNA porymcrwe d«vc« th« 
bound probe b«cwccn ihc reporter ana 
ciuenchor dy«. i tils cleavage is depen- 
dent on sequence compter nutt\? be- 
tween probe and icrnplat* * * hown J* 
the observation that mismatches in me 
tegm«nt between reporter and quencher 
<ty W drasdcally reduce tU« elf avaue of 

probt, a> , v o c 

the rtsn tn RQ v*hjca foe ih« Al se- 
nt* of probes seems to indicate that the 
d<u»*« of quenching is reduced so««- 
*hct ti» quencher i« placed toward 
T nc 3' end. The lowest apparent quench- 
iug is observed for ptobc AM* iwc ^5 
3) rath*/ than foe the prone where the 
TaMRA is at the 3* end (Al-26). TO* u 
.uftdctsunUHWc. as inc conformation ol 
the end position would be expected 10 
bt lews wmlctod than the conformatlcTi 
of an internal position, in effrct a 
quencher ac the 3' end is frooc to adopt 
conformations close to the S' reporter 
dye than li an irnernnlJy nl flCWl 



pivbcK, Um'iiUBflwUUnnot &<i voiucs 
li 1C3> cicar-oii. The A3 probes show ibc 
»mr; fVcitd « Al, wiib thi 3* TAWW 
probe, bavins a larger RQ~ Hum 11m i<- 
irurnal TAMfeAv probe- Oiu HZ i-^. 
tuih pioboi havfl about the same KQ 
yfllur-Por the.RpfuWj, *bc RQ." forjw 
r prob* U k« I* V* m^*»«*W 
labeled probe. Another factor that may 
-acnlain some of the ofcrcrvrrf variailon » 
that poruy otfccts th« RQ" ' val ?L fc A Al ; 
though ^ probes ate HPLC purlltorV » 
<mAU amount of conurninMlon with 
yuqu<rnched reporter can have a UfRc ef- 
fect on KQ • „# 

AhbOUgh there m,y be * 
feet nn d«K re * ° r ^«*nchw«. the P os *- 
Uon of the qunnrhrr apimTcniiy f»n 
have p largi: effect on the cfftclcncT of 
probe cWa«Q, Tbe most drastic cf/ca Is 
observed with prbh. Al-2. where 
meat ol.ltic TAMM on the M**md nu- 
clioiicfc^ucGS "-tfie. efficiency oi clc^v- 
c Wc to Hlm^'l icro. l^r the A3 ( P2. and 
probas ARQ U much B ™*t tot toe. , 
T\M«A prohw-iw compared with tne 
tcntui TAMK4 probes. Thl3 b explftbvcd 
matt easily: by^uiins « h »«JJ?*" 
wuh TAMRA 3' end ata mo* llkcty 
to oe cleaved between repotlw anu 
ciiienchcT tiuo are probtfs ni\h ta^»a 
attached lottrnaiiy. Por tne Al probe* 
th C dcfiYcce effideocy of probe Al-/ 

not Increase when the quencher I* 
ulaccd closer to.the S' end. This Utu^- 



tilWResearch 



\t*i<u tbc Unport«ncc ol boln R able rn 
uae probes with i qu«nch« on »h» 1* 
etui in inc y nuclcoic l-UW ««y. In f^ 8 
away, an ln<!fM« »o rhfl mtenUcy ftt 
porter fluo W »«nc« U obiifvod only 
Ucn The probe U cleaved between mc 
reports *nd quench** <4y«- ««y P 1( ^ l "« 
iho reporter and quvneher dy« on t** 
ow>o<lto «nd< of aji oUgcmudeoUdc 
ihuUv *ny *W»H« «bni wvurk «'"1* 
de^cd. When <he qw«nch«r« »tt^ed 
up UitciuaJ lUKhioiUlv, w moil Hi** ^ a 
pKkbc u/Ack.< ttfe.tl ^AU7) and olhcr titn«» 
n<* w M'll Thtv relatively l**nr 

pciformancc of proba AXi presumably 
m*nns Hie prcbe is beUm cUs^ed > to 
the qwsnehcr rnthcr than hrtween the 
reporter and qwmchw- rherHtora, Uie 
chance of hiving ^ probe that ccll- 

ahly detevb wxuinuUtUm of PCR prod- 
uct W the S' nudca.se PCUl w*ay U to vm 
u probe with 'hp icpocici and quencher 
dyea on opposlw enos. 

end may tiUo provide a ,U fi fat boned in 
tvrmx M nyCrtdlzailon clllclency. Ihtv 
presencj of * qownctiar art«cl\cd to an 
llUemul f.uvW;a* aV^hl b« «peoe^ tn 
diiruot ba^e-palrinc an<> rcduca the i m 
of ^ proc.^ in act n 2'C-3'C reduction 
;« 7' ban b«rt owerved for ^o mo^ 

^himor:uJV»u«h fc dTA^^^A fi ^ , ihb 
dlsrupuvc effeet viould be. mlnlmittrt by 
pUcingTbequenchcrauher «*™?J; 
pnibes wiu\ qacnchas mknt ckW.du 
illKhtly hifibcr hyhrldUanon efficiencies 
than probes vrith inttjnal quantum. 

The combtnuK^ of Inaeised deav. 
atcand h^bridiTfttlotvcfflcicnclefi nutans 
ihot inobe* with 3* quenchers, probably 
be mow tolorant ot mismatches bc- 
iwecn probe and 'u*%* * ^f"? 
with iiucmaUy labeled probe* This 
eranco of mismatch^ wn t»t advanta- 
ccouj, m whwi trying to a airigle 
nrobc m detect POUmpiifiad p;ndui*u 
from samples of dlffennt "P^;^u 
roMiii that clcavarc of prulH* durl ng VCK 
U le*« censitivp tn nllcrttlons In an- 
neallni! t^nr^3t«re or flflw Kjrtoo 
ondltluna. The one appjicatton where 
tol«rancc of mismatches maybe a dlw<u 
-antftffc U for mscnmlnatlon. Uc 

,t ,i A d«n,m S Uated Ihit UlCl^speciHr. 



et al/ H dcm*m*t««d |hlt »llc^ 5 l >ec " ,r 

Snd Hucochet only *hcn l.yboJ,^4 W » 

low^d ihein to qtsunzubh ihc «o«mI 

ijj.SCfl mut»ni. 11»« l T P roM5 had iTAMM 
»tt»ch«i to the seventh nucleoUde Uom 
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iU V end »n<f w« M <»«<l«nod to Out any 
mismatches* were bct^cun tWc roportot 
And t^eAchcr. IncTeftiinK the dwanec 
feet— «i mp*rUf an<* ^uwrhM Wnuld 
Icascii Hit dlMupllw cfkcl of Ultt- 
marches and allow cUavajp of the proto* 
ciu the lncono.ee taryut. Thus, probes 
<i»lth « qvionttwf attached to an internal 
nutikothk nwy s«l« b« \icoful fat allelic 
rilsrrtmlnrtUin. 

in ttUs swdy lott of <juonchlng <upon 
Kybr'idiiatlDn wan used 10 lhcw that 
quenching Vy a 2' TAMIW u dependent 
un UK ftwlUUty ol a «Ui K le*ttrand*CI Oil- 
gunuclcutld* The increase la KporiOf 
Jluoiftftcenct Intensity, Tnoujh, could 
4 lio b« to <1«termino whamer liy- 
DrKlleMian has ucwrod or not. Thus. 
oViCoauclcoUdcs vyllli wportar and 
qucnchcC dy« attached at uppnahe cn<^ 
should al30 be useful as hybridation 
prolicv. Tho ability to <3Clcct hyufUUxA- 
rl«n In reel Um« meant ibai ihw prices 
could be wtd to mcaiuro hytirldizaticn 
kinetic Aho, rrvK type nl probe could be 
used lo develop Homogeneous hybrid- 

;«tion P3i«y* lo* dUgo©p4A» or <*h«r ap- 
plications. Uagwcll Ct *l. t,0) d<*crib« p«t 
0112 rype of homogeneous assay where 
hybridization of A. probe Cflvaci an l«* 
tTjaiftln tluofoeoonco couftod by a losi of 
<jU«ft^nlng. M<*wcv«r, lh»y *itilisod a 
camptcK prvbv dcalyn that <equl t4 add- 
ing uudeotulci to boOi eneb wf the 
pro bo ttquenoi to form two lfnpctfcci 
Ittirpim. "lb« Miult* prosonwd h*M 
dciiwimiuw that the simple adauion of 
a rcpo/Lcr dye u> one cad of an oii&cmw 
dcotlde aod a quenchfif dye to inc oUict 

rnd gon«tatoc a flun»o(j*A'< pfofcw thai 
can <le\ccl UybrldUoti«>ti or l'CH wnpl lo- 
cution. 
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!jjf e have enhanced the polymerase chain 
[reaction (PCRV such that specific DNA 
[sequences can be detected without open- 
Uj tha reaction tube- This enhancement 
Squires the addition of ethidium bromide 
S(E^r) to a PGR, Since the fluorescence of 
IftBr increases In the presence of double- 
frnmdcd (da) DNA an increase in fluores- 
fence in such a PGR indicates a positive 
ta&plification, which can be easily moni- 
j&cd externally. In fact, amplification can 
."be., continuously monitored in order to 
Sbilow its prngwyw. The ability to sinuiUa- 
[feeously amplify specific DNA sequences 
land detect the product of due amplification 
|both simplifies and improves PGR and 
%ay facilitate its automation and more 
videsnread use in the clinic or in other 
JjowatCona requiring high sample through- 
Ipiit 

khouffh the potential benefits of PGR 1 «□ din- 
icai rfiegoosra arc well known 23 , itu soil not 

vidaly uxed in this se^QJlg. even chough K 13 
ja. four yearc since thermosTablc DNa polymer- 
ia* made KIR praedcai. Some of (he rwwons for ics *low 
Jj'cttptance are high cost, Iac*c of automation of pre- and 
^M>CR proc«*tuxg iteps, and &hc positive rcaula from 
"^yover-contamination- Tne first wo points arc relaxed 
s thw labor is the largos t contributor 10 cost at die present 
age of PGR development. Most current assays require 
)'me form of "downstream" processing OBCC tfacrmbcy- 
Jry% u don« in order to determine whether die 

ssquenco vw prasant and has amplified. These 
rfftdud^ DNA hvhridijauoa 3 ' 0 , electrophoresis with or 
KHshout use of Kflxfciion diffarann 7 - 0 . MPLC . or capillary 
^wopherc«3 ]0 . These methods or. labor-intcnse. Jiave 
^ throughput, and ara difficult to automate. The third 
jfti/u is also doscly related to downstream processing. 
V^s handling of the PCR product in these downstream 
***t«ci inuesuo the chancer that amplified 13WA wfll 
ft'ead through the typing lab, Teaulanf in a nek of 



•carryover" fabe poaflvea m eubwquene testing . 

These downstream processor «e P «- would be eUml- 
nated If Specific aropHHaiuon and decacaon of ampUfi^ 
DNA took place simultaneously w:dun an uo0 P«* d M ^ 
acrion vessel Assays in which auch differed proves take 
place without the nerd to scparaic reaction components 
£kv« been termed -homogeneoua"\ No truly homoge- 
ncout PCR assay bas been demonstraccd to date, althougn 
proffrena towards this end has been reported- OncAab, et 
J^iP a«vclopcd a *CR product detection scheme 
fluoroe«t prujwr* that r*™ii*d in a fl.uor«cenc PCR 
produce AUcie^pecific ortmm, vita *flerat tta£ 
roccxit mp, were «-«d 'o L*diea« the genotype of the 
DNA- However, the unincorporated pnnwr* anU ^bc 
removed in a downstream proce« *n ord«r to vteualtee the 
ttulr. Reccndy. Holland, et al/ 3 , dev^oped an ^ay In 
which Ovr endogenous 5' exooudea^ astay oi J*q U^A 
polymerase waa exploited to cWo a J ^^j?£ on ^ c ^" 
SrObc, ThepSbc would only cle« if PC* aapto 
canoa bad produced its complementary 
ord£r to detect the cleavage producta, how«v«r ( a mbie- 
quent nroccss Is again needed. 

W C >iave developed a truly homoc^neour «*ay for ^cx 
and KIR produa detecdon based upon the p^ay in- 
creased' ftuoiescence that ctHdium bromide and othe. 
DNA binding dyes exhibit when they we bound w ds- 
DNA 1 *** 16 - As outilaed in I. a proiocypic 




/ 



o/gcr uqycocc 




nwu i PrinripU of slmultmoous amrlWcadoa aatl , dctcccoa af 
YCK prortua. The componejiu ofa r^R Qa.^a^^W 
auorbcent arc U 5 tce-£(3r iudf, EArWl to «th« «pNA or 
doONA. There ia aiafg« flaor«ccnc« «nh«f£ment when U 
boutid to DNA and binding is gready cnlianccd when DWA u 
double-ertranded. After iuffident (n) cycle* of PGR. the : oei 
•uima-ac i« d»DKA xesulw » addibo»-l Mr bmdiag. a*d a o« 
incroiw in toul aaorwceocc 
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b«fo« nui after, or ~» «minuousiy during chctmo^. 
ding". 

RESULT* tt f EtRT, In order to wacaa chc 

^J^r £ wS>* of the Kama. HtA 
DQct gene* 5^ ^ nfi ,„SO u/tfml (a typical conccn- 
^"^X^S [of aaddcSb folio™, 

action of ^ T J"^^s AS shown in Krutc 2. sd 

gel deCiroplior«is utt* £ ^^oc - m d. e yield 

rKiT FtTIt docs cot inniw r'-»*~ 



0 t» . 31 2S 23 




from (A). 



dsDNA containing the GJget s ^™^ * » dependine 

also tyP ^y pr^JSSSf^S. VuSOT 

miCToeranu par «* - ' „ r 7i,~wfluorc«eMice. arc 

completed. *c B^X i •« «P h » 

the amount of daDNA l«« £ fcound to the 

wveral microgram;. ^ fluores. 

additional (llONA, rouleng ,m ot 
There b <0*o S om« ^^^ntortowDNA 

« mccWtes than «0 d '? N v A « *Vlf r«mallThc fluor«l- 
ch. ratal H^ es «n« ^ Xaiae ccd^on 



^pWidfoni «»g»g^J found an die l>u««i 
^fie to npflK ttiwjiy contained either 

60 f °i, fc ^bl^a for .ach DNA. After 0. 

^'•rSSl »SdSi ^cycling. . PCR ftr 6Kh 
17, 21. »» JvZ— ,k,. iteraoCYdei, and lis ftuOr 
DNA w« rcao»«d from d«. "j™^ ^ pioaetf 

ra ^k«Cn r ^df n ^'&). The *» P « P of tto 

curve refleot. £ c m UNA i. 

fluorescent oa he driMM, ^thc^ number. 
becomioE liuear «"<i ^^il™ed about threefold 

over the bd*^ apHfieandy ■ncrtait 

mg haroar ^^TcSs w«d, contained cifew no 
for nepmvc ^"1*^^^ mc rc n»l« DNA 
dna or hum?* f, ^ fi n ver ^ s 2 ns-die t*» tr 

T£rzz t^S 

tf M^Uusunacor and pn^^^Tf,,, j, e reartow that 

Detection of «p«o«C aJJe '",7i,'r [ll i, appicach fa" 
«no. In order to demotonfiite d«ita^app^ 

* snow, ^--t^n S£?*rA«5 

containing! Mr lu ' 9 j** uv traaaillumiflatOT. T1jcS< 
of the r=*caon ^_^, a ,"^^ 4 „ tpee*c for a 



9 



of the r=*eaon ^'^A^ "prime" ^cJnc (or 
Teacup r eje P^S^, if che taintf* 

P^t^'JdSSS six at the «™^J f 
rjy placlnffj»= n 5*£!r Bv using an ftpprcp^ite ?nW 
nucleotide of on* penwr. B ^'^| n!Iui ll r _ind 

a reactioa *.ith cither tft« " Three 

different TJNA^ i^wWjj f^-' from 4 heure^go^ 
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ic 

■xygo*. 
(5p^ 



r n^iioru <*ch). The xype was reflected in the 
^ Jd^ florescence mcemide* in each psur of completed 
^puaanona, fi -^bm Jkte l>NA matched the 
t IS noc joovcv), <hia fluoreicenc* va* about three ume* 
^ P -fScd to che primor i«. C.l electrophoresis (EOV 

synAcab of nearly * microgram of a ONA 
ftat^W of*« expected ^ tor p-tfUftun. There wa, 
IdKnihcjb of dfl&NA i« reaction* to which the aUcfe- 

^rorScr **3 jaismatchdd to both allies: 
5 ^^^in« ^ * PCB- Using zjtoc 
,1 We it IS po«Lblc w dir cct exdtttion dlunnaaoon &pm 

$ co Tecum fluoresce to the , p octTonucrcmctcr. 
nuorescencc readout of auch jui " ««H?^ J 

C^P^fic sequences from 25 up of human mal« > P£A, 
£7hc0n m Ftftfe 5. The readout from « conncol-.PGK- 
■SsJTno target DNA ti also shown. Thirty cycles of PCfc 
wevc cocricored for each. ^ 1 , 

Tb€ fluorescence trace as a function of time dearly 
.: h0 w 3 the effece of the uiennocyciln^ Fluoraccace uuen- 
■Scv ri*» awi tails inversely with temperature. The fluo- 
rescence intensity U minimum at the denaewtton -torn-- 
We (94X) Mid maximum at the annc^/cac^ioo 
^^ture (StrC). in the nega^cont^ W*. tW- 
-£aLoen« m»n» and muuma <io pot change sucnifi- 
& over the dirty chermocydes. indlcadfls that tncrcis 
lak 4iDNA synth« fl u without the appropriate »p* 
"SSa, tnd there fa little if any bleaching of JWIr dunnr 
fhc cu«onuou6 Uluniinaaoa of tne f ample. 
"In the PGR containing male DNA. the fluoresce 

|msc at about 4000 won* of 
continue to uicrauc unw, uxheaunj that dsX>KA 
band producer! it a detectable le-cl. Not* that the fluo^ 
*rw«ace miiumiar the denacaraocn temperature do not 
Wificaatly increase, presumably feeeau»c»t thw t*tnper- 
Swe there is no dstlNA rorEcBr to bind. Thus^ 
'of the amphficarion ^s foUx»vfcd by tinclunK the H^<?f^ 
*-ceacc i^ea£« « che aaneaUn& temperature. Awlyau. 

product* of th«s« cwo ampllflcadons by gel c^ctrop^o- 
:W showed a DN JL fragmeai of the cxpcct«l swe for tbc 
■*al« DNA containing sample and DO detectable 1JWA 
^d«oc£L3 for the control iample. 

Discussion ^ 

!? Do^nacrcam proceflfte* wch a* hybr i disation wjjc- 
Lquenw^pcdfic proW esn cahAnec the cpcCifioty Of DNA 
Wilon by PGR. Th* «Uminaooti at these ptocesse? 
Uc«u that the apeofceky of this homogeneous assay 
fepaKb 30 lclv on thac of PCR. Ia c«e of 
incase, x^-c havw ihovn th*t PCR aloe« haa jumoentDNA 
il^aicc ipecincity to permit jreneoV seMeainff. ystof 
■ ippropriatc atrtpHneadon condiuon«, there is little noa- 
;ip.ccv&c production of daDNA in thi ahaence of the 
I^Ppropriacc tarjet allele, ' ■ . ' 

5- The spedfidty required to detect t^thoffw ^ ^ 
'^ort or ]«s tban that required to do genetic tcrccn^ng. 
^r^ding on Che number of pachogena in the jamoJ* *nd 
^ amcunt of other WA that musi be uiken wvth. th« 
;^mp1e A dWcult urgct is HIV, which reqture* dewcoon 
■PJ a viral Kncrae that can be ZC the level of a tc^ copies 
.Pec thcuiandi of hose cells 6 . Compared c«a«K£ 
f ^ceiutig ( whu:h is performrd nn cells con Liming ftt. 1 ?" 1 
^ copy of the tared sequence. HIV detection requires 
kVsth more specmeity and che inpu: of more total 
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u 2000 4000 6000 8000 
time (sec) 
ncuu j e'ohtinuou., ^^s^^^SJ^ZS^ 

UiucolttaiTy exciuflon Beta » « ^ pmiocSi 
IffliwS Urfu fewi as a. fluoroui<*er (»«e Ex^nniertat Protocol). 
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ON/v— P w microgram ^1^^^"^^ 

the background Ruorct^ce cwcr wmcn ^ tcacd . An 
auorc»*»« produced * * irpec in low 

uungrheotkcrprun«-«ai«"P ^ product >» a 

To Increase ?CR .peofiewy and rednce i 

ber of approaches. indudinK ^ 
•.pttrau that cafe P^^^T^ni; rTduocd 
-hot-nn". in which ^'P^^ ^forc D NA 

Jy utb«U ^ n, : TTC ^ r ^J^" ffc c^ reduced 

OOCh «»" ^^^nSXft automatic" ^ ^ 
Oiermocyduie. Tw aa£c v ™mnH»hed u the etoK 
eific I.NA ^^ a ^JS r ^fi2^-««l»* 
promising «P«L»* M PC«^bta with edsdng instru- 
5 completed ?Cfe a «lt«4r p*»^™£ d«W* 

eance in each PCK can ng - 0 y moving 

A. dir** ci««n«on of dtldoiJ. light and flu- 

» mentor mulupte ?CRs ^ r S hov£ that, 

dtadon of targt UNA «W ft ^w££iA. the soorxr 
the largor the amount of start"* taxgw . preUmi . 

concentration. ' _. t rriT ~ el molecules U 
kno,n^ it can be J* genede ^^J^ 
monitor^ -V ^VJTwith ataow^numbW 
ti«c and folic ncK30"« re™ 1 *- W *^,fj dettcoble 
orzet molecules, a tr»» posiuve vrould cxh*« _ 

IOCTS3K5 ia aacKMCOivco ^"f^Scu^Se n-fftdve 

ase. may be detected ^ Jjlu ^ a 

Buorttcence InCTease only alter a '**b c " a true 

d B4 —nimy more are ^.co^Ty to aecea - 



ox absence of ^' e "" c 'X7 0 ^ r on d.b 

SStfflsinSK ^ - 5 ■ r* ra bc ob,Bicoi uan,f 

fTarge aumbcr ^^^^r cf dye, who., fiuo- 

•l^l^atrSKftSaw. ^tnlmenc baje- apon du, 
- , « C ' foc^ttt* A« more widespread uae of ?CU 



Rt!J y rJl/ M..ru e.s omu of r« dn* 



P 1 * i 3 v j y/S^«.(rjm#r C«us, Her 



i 
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aioJuct aautc<l fco ^ *^ fl L mS<^ indicated in FSpuc. 

^de" prt*?** « ^&. r ?r r »o«c- exvwrioc , , ? 

volume) ^«^e^f^ r ^f^rrx^^* nd wftt^H 
Th«w ?CF-fl contained 15 ^iwj* *~.*T rt fj n? fcmaJc. S nit 

or no huiruu? DNA. ^^5^^ 3 T u number of qrclcs forS] 
bfi^ * w«5«cei« -« virc^j 
meni « descritea below. kr, Ampfificacioju ofc. 

cycle* a^^C Cor 1 j^^^^C&cn iha^te 
PCJU wtc P^^e^l^X a model TV^6 cnuu 

(&r£X. Edoon, NT), ^^fk^lfle n£T cut-off ftlwr 

Cniv, Inc.. Irvine. ^^"^dwiaA cfubcut 7 nnr /tfS 
light w dct C c.uJ»iS^^^ a ( ^ em0y<1 ie exogikn KM 

encoring of a TCK -m - ^JgS 
sDeorofluoromcccr and SSoi w both :cud e^*S°5i 

K5c oc^cry «^^fci2S /ck placed i* . 1 eg 

a model ^<>^ cr7 tr^n^ed wUU -5 minut^pO^ w*g 
leu cop of ^ «|« »Jj£?f HSgTThc CAPO-Cd «fjf 

with i«^p removed) ^T^c^^dc c^bU w^e snrfffl 

from roctpUefat oi 
cich nnj TU roorwored « described ^ ^5 
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^ u>*d and the omUiian rfgipl WW ndocd CO Ac 

t w^.rA^tn. vfand Dtfjcn. im T*e polymer.*: 
duan racnoa. Ttcuda Genet 3*1 85-4 8a 

<h* pfllymTOQUwiii iwa«fc_W«ec ifl:lS4W«> 



S^rii ™IE£i« DNX wan a thcnnoittWc DNA poller* 

* &U. R.^ WJ.Ii, Uvewon, CH. aftd Erf«Jl. H. A. WW. 
Oen«* minis of imp! ^ DNA >d* 

„(i g gdUi44oiiIe proW Proa Nad- Add. So. USA B ^!»-*Mt. 
■ Kutfn. £. M. • Dcicnloo <rf jJckl« «U Menu* and diaJaiieitf*. 

0. £££ aSaSSS w. 3590 ^"^ Q 8 ^«S^ 

il Ki«ct A. r. and HteucW. n. c. W». aV*W «■* 
liChcMD. r.f. owl kul, T.w. 1939. DrwM« «< ^< »; A 
- A. Proc fal Aaa. 56- (^X ^175^1 at 



J 991. Dctmtoo of JPcriJV: potyincruc ^.^f*"^^! 
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du^cudkU U^1-C»n by «H NMR «poa^ Pr Nuc Adds Jla. 
sioffie h«mw fDcnn «d dtpbld . "^^-^^ 

13 aaii. R. K-. flu(i»^»», T- H»«*» <^T" MuU», ». aoa itr' 
DQi DMA 4Udc-*|«dfic w C S omwl.ood<i prob-J. N^»« 

amp 

ei. .wu. 



K. ft. 1963. Alkte- 




0. (v dajsen. M„ Birth. D> Sarmopd. .1- «n<l BMi. 

io^oJ^SrS «U sorter iAU«cm. j. Xauiwn. 
116:59-63 



IWMUND BlOLOGICAl LABORATORIES 



sCD -1 4 ELIS A 

Trauma, Shock and Sepsis 




.--Th9 CO -14 molecule le expressed on the surface of 
^monocytes and some m*om phages. Mcmbrano- 
^ bound CCM4 is a receptor for lipopotyeaccriaride 
■'ciLPS) comple^sd to LPS-Bindlng-Proieln (L3P). Tne 
J.* concantraiion of tcs soluWfii is aJten=d under 

certain patholog-ceJ conditions. There ic ovidonce for - : ■-■ 

■ 'v\ imponaat roi« of with polytrauma. s«p»s. 

^'bumingsano inflammaiions. ' 
! '.'"Ouring septic conditions and acuta infgetions K seems 
: : : -ro be a prognostic marker and is therefore of value in • 
vmoniTQring tnese padents. 

For more information caiJ.ar-far 



1BL offo/6 an BJSA tor quanffia^ve determination ot 
soluble GO-14 in numan serum, -piaame, oeH-ouituro 
supernatants and other biological fluids. 
A33&V feawrae: I2x 6 determlnaiionR 
(mlcmtter strips). 
'. prccooted with a specific 
. mondcJonat antibnriy. 
2x1 hnur incubfition, 
atondard ran9«: 3 - 66 n 9' ml 
dctaction Umlt 1 no/mJ 
CV: intra" and intaraaaay < 8% 



ifenTTrWAFT FUR IMMUNCHEMIE UND -BIOLO G I F M B H 

!S?'^ R S"fl*SS6 S6 ^1 2000 HAMBUSO20 ^ OEHMANY TEL * ^n mm M 

Write in j^qn g0jk'- Sq ^!^. &ar ^ ■ ' - 
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WISF genes are members of the connective tissue growth factor 
family that are up-regulated in Wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors 

OMNF.PfwnncA-t, TODO A. SWANSQN*, J AMES W. WELSH"", MaRCaRET A. ROYi, DAVID A. LaWRUNCG*. 

James Jgnnifeu brush! usa a. TaneyhillS, Bethanne Deuel*, Michael Lew*, CoLfN WatatjaBeII. 
Robert L. Cohen*, Mona P. Mclhem** Gene G. Finley* *, Phil OuiRKEtt. Audrey D. OoonAKnt. 
KtweTr. L Hillan* Austin L Gurney+. David B ot^tfin t ?^t t anp Ajunolo J. Levine* 
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CutUnhutTd by Quvid Botltci* utd Antold /. LcWk; October 2t, 1996 

ABSTRACT Wat family members arc critical to many 
developmental proccuca, and components of the Wot slcnal- 
Jns pathway hare been linked to tumorlccncsb ia familial and 
jporadic colon carcinomas. Here we revert the identification 
of two &eacs, WISP-] and W7SP2, that ore up -restated in the 
mouse mammary cplchcJIal cell Une C57MG transformed ny 
WnM, but not by WaM, Tocetuer wirn a tfilrd related cone, 
TOfP-J, these proteins fleftnc Q Suhrnmiiy of the connective 
tissue growrn. ratior ftmily. Two distinct systems demon- 
strated wtSf tnrluctioa to be associated with the expression or 
w n r-J. Tbcse included (0 C57MG cell* infected with a Wnta 
retroviral vector or expressing Wnt-1 under the control of a 
Utracytui* repr«s*ible promoter, and (a) Wnt-1 transgenic 
mice* The WISP-1 oena w»* localized to human chramoaame 
8q24.i^SqJdJ, WSP-2 genomic DNA was amplified in cola a 
caacar cell Unas and in human colon tumoT9 and ita RNA 
overeKprcssod (2. to > 30-fold) in 84% of the tumor* examined 
compared with patient* matched normal mucosa. WISP- 3 
mapped to chromosome 6q22-6q23 and also was arerex* 
prcjjed (4- to > 40- fold) in 63% of the colon tumors analysed. 
In contrast, W/SP-2 tnapped to human chromosome 20ul2- 
20ql3 and its DNA was amplified, but RNA expression «qs 
reduced f2- to >30-ft»ld) la 7$% Of tile Ciiuors. Tnese resulu 
suggest that the ^YISf genes may Dc downstream of Wnt-l 
signaling and mat aberrant levels arms? express 'on in colon 
cancer may P'ay a rote in colon rumnrigencsis. 



Wnt-1 is a member of an expanding family of cy9teine-rich, 
glycosylated signaling proteins thai madiato civ«r?o develop- 
mental processes such es the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fetes (1, 
2). Wnt-1 oricifially was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus -induced 
mammary tdcnacaxcincunas (3. 4). Although Wnt-l is not 
expressed in ihc normal mamawy guna, expression o( Wnt-l 
in transgenic mice causes mammary tumors (5), 

in mammaUan cells, Wnt family members inicitte signaling 
by binrUnz fo the seven-fransmtmbranc spanning Frizzled 
receptors and recruWng the cytoplasmic pro rein Dkheveilaa 
(Dsh) to \hc ceU memocane (1, 2. 6}. Ush thtn inhibit! the 
kinase activity Of the norraiUy constitutivdy active glycogen 
synthaie kinac4-3^ (GSK*30) raralting in an if.craac* in 
p-catenln leveU. StabiJizcd ^-catenin intericu with tha tran- 
sctiptton factor TCF/Lef 1, forming a complex thai appsars in 



Tr\e puoflaiiflrt com of this an'cJe %'cte ocfraye<i (n part 17 pige charge 
payment. Tnu irflde must (herctorc oc ncteoy martcfl "savg/ttstmLnf it\ 
•ccordoncc -Jth 13 U.S.C jl W«t solely to Indlwie (h(i fctct 
C 19M by Tiic Nautto J ^c.W«my of Sonncot ^3/fl5U717-it2.03/O 
PWaS is ^iiijtte on<tnc m»«aw.oii4S.oh. 



the nucleus and binds TCF/Lcfl target DNA elements £0 
actirate tronscriplion (7, 6). Other experiments aucgest tnat 
the fldcnomotoua polyposis coli (A PC) tumor suppressor gene 
alao plays an important role in Wm JtgnaWnc by rceuUtuij; 
^-catcnin iovels (9). APC is phosphorylutcd by GSJC-3ft binda 
: to 0-catenin, end facilitctcj iy tlcpredfitioii, MuUtiuns in 
cither APC or p-oatonin have been iia30ciatcd wi(h colon 
carcinomas and melanomas, suggesting these mutation) con- 
tribute to the development aftheso type;, of cancer, implicating 
the Wnc pathway in tumori^encsia (I). 

Although much has been loomed about the Wnt aiRn aline 
pathway o^er the peat several years, only a few of the tran- 
scriptionally activated downstream componaita activauc bv 
Wnt have been charicteru?d. Those that ha*e been described 
cannot account tor Jdl of the diverse functions attributed to 
Wnt «ignaling. Among the candidate Wnt target geaea are 
wose encoding the nodal-ralated 3 gena, Jf/iri, a mombcr of 
the transforming growth Uctcr (TCt>/i stiperfamily, and the 
bomeooox genes, en$raiUd,gaaseccid,t*in (xrwn), andriamoir 
(2), A recent report also tfeniitjes c-mj-c as a target gene of the 
Wm signaling patnway (10). 

To Identify ifiditional downstream genes la the wnt jjgnal- 
\ne parhway rlur are relevant to the transformed cell pheno- 
type, we used a PCK-bascd cPNa subtraction strategy, sup- 
pression subcracttvc hybridizacioij (i.i.}. using 
isolated from C17MO mouse mammaiy epifieUal ceJU and 
C57MO eellNsuhly triinsformcd by a Wnc-1 retrovirus. Over- 
cxprcsjion of Wtil-I in diia cell liiic is sufficient to induce a 

partially transformed phenocypc. charaacrUcd by elongated 
and refractile cells that lose contact inhibition and form a 
mululcycrcd array (12, 13V Wc rciuoncd that gene* differen- 
tially expressed between these two cell lines might contribute 
to cho transformed phenocypc. 

In thn paper, wc d cacti be the don in 1; and characterization 
of two genes up-rcftulatcd in Wnt-1 transformed cell*, WlSP-1 
and an<s a third related ecne, WlSP-h The WISP £C nc3 

are members of the CCN tamuy of rrowih factors, which 
includes connective tissue growth factor (CTCiF), Cyrol, end 
*ov, a family not previouaty linked to Wnt jignaling. 

MATERIALS AND MCTIIODS 

SSR SSH w« performed bv using the PCR-Saleet eDNA 
Subtraction Kit (CLONTECH). T^ter doublo-slrondcd 

Anirevlatloris: TCF, transforming growth fuclar. CTCF, connecii^ 
citauc eruwdi fjctor, 5SI1 suouresilon suOiraaKc nyortdlration; 
vwc, voo WilUbrand factor (ypo C roodyl*. 

Daia depocition: Th« «qu«nc« r«pod«d m ihu peper htvo bean 
dcposiisd in the OenbanV uafabaje (icccssioa nos. AH0tr/r7 
Ari00770. AF100779, AF100780 « ( d AHOflTe 1). 
To whom rapriat ro^uosta should \k ^ddreseod. e-mail'. diane>@§cac. 

com. ^ 
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cONA tyachesized from 2|ico/ poryfAr RNA isolated 
from the CiVMO/Wni- J CcU line and driver cDN A from 2 
of poly(A) + RNA. from the parent C57MO cells. The sub- 
tracted cDNA library was subctoned IMO 1 pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP- J ~crc isolated by screening a \filt0 mouse 
embryo cDNA library (CLONTECH) with a 7t t-bp prObe from 
the ordinal panial done S6S sequence correspond tag. to amino 
adds L2S-169. Clones oncoding full-length numin WISP-l 
were isolated by screening AgtlO lung and fetal kidney cDN A 
Jtorarics with the same probe at low stringency. Clones en- 
. coding filll-kagth mouse and human WKM were isolated by 
screening a C57MQ/Wnt-1 or human fetal luog cDNA library 
with a probe corresponding to nucleotides 1463-IS1X Full- 
length CHNAS encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Cxpncfiion oi Human Wf RNA- PCR amplification of 
first-strand cUNa was performed with human Multiple Tiesue 
eDNA panels (CLUKlbCK) and 300 uM of each <JNTP at 
for 1 sec, 62° C for 3U sec. 1TC lor 1 min, for 12-32 cycle*. 
WISP and glycerildahyde-i-phosphate dehydrogenase punier 
soquencea arc available on request. 

in SUu Hybridisation. ^P-lauelcd sense and antisense ribo- 
probca were tra ascribed from an Ky7-bp ef X product corrt- 
Jp ondin« lo nucleotides 601-1*40 ot mouse HOT-f or a 
294-bp FCR product corresponding to nucleotides 87.-371 of 
mouse WtSP-2. All tissues were processed » described (40). 

Radiation Hybrid Maopinfc. Genomic DNA from e£Ch 
h/Wd In the Stanford Cj and Genebridge* Radisitoo Hybrid 
Panels (Research Ocnclia, Huntsvillc, AL) and human and 
hamster control DNAS were PCR-amplified, and the racults 
were Submitted to tne Stanford or M&sstchuaena Institute of 
Technology web servers. 

Cell Lioes, Tumors, and Mucosa Speclroenj. TUnue speci- 
mens were ctcained from the Department of Pathology (Uni- 
versity of Pittsburgh) lOr patients uadcreoing colon f ejection 
and from the University or Cecils, United Kingdom, Genomic 
DNA was isolated (Ui*g«n) from »Ue pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human call lines: iW480, COLO 320-DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas). .SWfiZO (lymph 
node molaeiaaia, colon adenocarcinoma). HCT U6 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma., ascites), and 
HM7 (a vdiani of ATCC colon adenocarcinoma cell line LS 
174T), DNA concentration ^ae determined bv using HoechSl 
Oyc 33258 intercalation t luonmetrv. Total RNA w prepared 
by tiomogcnizetion in 7 M GuSCN followed by certcfifugacion 
over CsO cushions or prepared by usinj RNAzol. 

r;eae Amplification and RNA Expression Analy«u, Relative 
gene ampUOcadon and RNA expression of WfSPs and c-myc in 
the cell lines, colorectal lumort, and normal mucosa u/cre 
determined by quantitative f CR Gcno-specific primers and 
fluorogenic protes (sequences available on request) were 
designed and usee* £0 amplify and quamitatc the eencs. The 
relative gene copy numoex was derived by using the formula 
2(Adj where ACt represents the filffcrencc in amplification 
cycles r«quirad to detect tne WISP gene* in peripheral blood 
lymphocyte DNA compared with colon lumor DNA or colon 
tumor RNA compared with normal mucosal RNA The 
a-mcthod was uead for calculation ol tna SE or 'he #ne copy 
number or RNa expression Uvel. The ^/i^.spcdtiC Signal was 
normalircd to that of tha glyceraldehydeO-phOSpilltc dchy- 
droacnasc houjakeeping gene. All TaqKlan assay rcaecOtS 
vcic obttinod trom Pcrkin-Elmcr Ap plied Hioeystems. 

RESULTS 

Isolation or WISP-) and WJSP-2 by SSR To identify Wnl- 
Vlnducihle genes, wc used the techniqud of SSH using the 
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mouse mammary epifhelia] cell line C57MO and CS7MG eclb 
that stably express vwnM (VI). Candidate diffcrcndally ca- 
pressod cDNAb (US^ total) were senuenced. TWrry-ntafl 
percent of the sequence* motched knuwn genes or homo- 
logucs, 32% matched Mprewcd eoquencc tags, and 29% had 
no rr&tch. To confirm that the transcript «ac differentially 
expressed, semiquantitative reverse ininecripdon-PCR and 
Northern analysis were performed by using ujRNA from the 
C57MC and CSlMG/WM-l cells. 

Two of the oDNAi, W2SP-? and WIJM weec differentially 
otprcsscd, being induced in the CVTMG/Wnt-l cell line, hut 
not in the percni C57M.G celU cr C57MO celU ovctcxpreiSlng 
Vnt-^ (Fig- 1 A and J9). Wnt-*. unlike Wni.l, does not induce 
the morphological transformation of C57MG cells andhac no 
effect on fs-catcnJn levels (13, 14). &cprcwion of WISP-l won 
up-regulated approximate^ 3-fold in ihc CS7MG/Wnt-1 cell 
line and WISP-2 by approximately 1-told by both Northern 
analysis and reverse tranicriptioo-PCF. 

An indopondant, but e'tmilar, system was useA to examine 
WISP expression after Wnt-1 induction. CS7MG cells express- 
ine the Wnt'l cene under the ccnwol of a tetracycline- 
reprcsstblc promoter produce low amounts of Wnt-1 in tha 
repressed stale but SHOW a strong induction tif Wnt-1 mRNA 
and protein wmUn 24 hr after Tetracycline removal (8). The 
levoU of Wat. 1 and MSP RNA IsoU'cd from thcec cells at 
various , times after tetracycuae ren«rval were assessed by 
quantiittivo PCR. Strong induction cf Wnt-1 mKN A was Seen 
u early us 10 hr after tetracycline removal. Induction Ot IVW/> 
mRN A (2- to 6-fold) was seen at 4fi and 72 hr (data not shown), 
i hese daia support our previous observation that show thai 
WISP induction It correJaTcd with Wql-1 expression. Becauae 
the induction is blow, occurring after approximately W hr, the 
induction of WISPi may be an infilrect response to Wnt-1 
sten&line. , L 

cDNA clones of human WISPA were isolated and the 
sequence compared with mouse WISP- /. The cDNA sequence;: 
Of moose and human MSP-1 were 1,766 tnd 2,530 bp i« length, 
respacrivdy and encode proteins of 367 cu, with predicted 
relative molecular masses of -40.000 (M r <0 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved ova- 
teine residues, and four potential N-Hnlccd clycosyletion sites 
and ore 84<& identical (Fig, U). 

Full-Jcagth cDNA clones of mouse artd human WTSP-1 wcr^ 
1.734 and 1.293 bp in length, respectively, and encode proteins 
c*f25l Unci 7.10 aa. respectively, with predicted roWa molec- 
vur mascei of ~?7.0no (Af r 27 K) (Fie MY Mouse and humaa 
WiSP-2 are 73% identical. Human WISP-2 haa no potantieJ 
N-Unked glycosylation sites, and mouse WISP-2 has one t\ 




Fie 1 W7iF- 1 30^ WISP-2 are mduci^i bY Wot-l f but net Wnt- A, 
expression In C37MC calls- Horthcn. aedylja of ^ SP jW^ 6 . 

Y/nt-« cclb. PolyfA)* RNa (2 ^) w« cuhjccietf to ^orhem W 
cnalysw aad hybndixad with a TO.Op inouui W7.^-/-spccific urauc 
(imiio wid£ 37S-3UO) or a t^-hp Wl.V^-Siiedlic probe (auclcottd« 
U38-1627) in the V untranitUdfl (cslon. eiu« were rdiybru!u»d ^<lh 
human i<*tctin protic. 
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F 4 c. 1. Encoded amino acta sequence °L mou *!J 1 ^ 
humxn WSW (4) and mouse aid *!«.« »«M <*)- ^ P^J! 1 

"gnauequenct Iroutln-lftc ^^^'* lftd ^ f ?^2 1 £i;^S 
vWtV throabuwunditi (TSP), »nd C-termmil (CT) domunS ar c 

unocxliiicd. 

position 197. W1SP-2 has 28 cysteine residues that ere con- 
served amon* the 38 cysteines faunO In WiSM. 

Identification or TOKP J. To search tor related proteins, wc 
Screened creased eequence tag (EST) diutae* *J th <hc 
W<SP-l protein sequence and identified several c-vl> a* 
potentially related sequence*. W. identified m homologous 
protein tL we Uavc called WiSP-3. A fuiUength unman 
WISP-3 cUNA of U*H Hp was isolated coneepondtng to those 
ESTa that encoe* a 554-aa protein with a predicted molecular 
maal of 39,293- WISP-3 has two pOtendal N-Unkcd dycofyl- 
jrtion sti«f aad 36 cysteine residues. An alignment of the throe 
human WISP pmtcins shows that WI5IM and WISF-3 arc the 
mOU Similar (42% identity!, where* ^™^ f 37 * f cnWy 
with WISP-1 and 32% identity with WISP-3 ffrtg. V). 

H75J>r Are Homologous to the ClCF Fam.ly or Proteins. 
Human . WW-i. and WSP-3 «e io" 5 ' s*^*]^ 

However, mouse WSP-1 is mc same jo the recently identified 
£M gene. E/mJ is expressed In low, but not high, metastatic 
mouse melanoma cells, and suppresses the in «vo gco*th , and 
metastatic potential of K-*i T*S mouse mclanomc collfl (15). 
Human and mouse WtSP-2 are homologous to the reccjfly 
described rat gene, rCflp-/ (16). Sigiulicani homolop (36- 
a4%) was seen to the CCN family of growth lactors. This family 
includes Chrec member,, CTGF, Cyrol. and the I^KO- 
flene nov. CTGF is a chcmoiacuc and mitogen ic lacior tor 
fibroblast* that Is implicated in wound healing and HOroac 
disorders anO U induced ny TOM (17). Cyt61 imn ettracfll- 
luler matrix signaling molecule that picmotos cell adhesion, 
proliferation, migration, angiogenics, and tumor Rtowlh . (IS, 
19) ncv (nephroblastoma overexposed} is. an immediate 
early eene associated with quiescence aod found altered in 
Wlina luTTiors (20). tho proteins of the CCN family share 
functional, bat not sequence, limiUricy to Wm-V AU vc 
secreted cysicine-rich hoparin binding glycoptOttlns .mat as- 
cociate With the cell ^uffaeo and extracellular malTi*. 

Wl^P proteins exnlblt the modular oxeluteceure ot the CX-v* 
family, charaaerUed by four conserved cysumcrwh ****** 
(Fig. 3£) (21). ihe N-wrrminal domain, which includes ^1^" c 
12 cysteine residues, contains a consensus sequence 
CXXC) consorted in mote insulin-lta rrowth factor (IGF)- 
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Fto > (A) Encoded amino acid wquono. Alignment of homXiii 
wf^/Tbc^ucinc r«idu« of WISF-l a«J WW Wat are not 
present in W13P-3 ato indieaud with » <Jql ^) Schematic rcor«cn- 
tation of ihc WISP ptoieiuc showing mc noiaMn ^'^^^ 
residue (vertical r,i«).The lour cysteine rn^luca a iho VWC domain 
M ax* ibseat in WISP.l arc induced ^ <iov (Q B*pr«*on of 
mRNA «n Human assues. FCR P «faim<.d oo humaa 
!nalt^e.auuc cONA panels (CLO>rTE.Cli) me .^.caccc adu'l 
uml fetal tlssuca. 

binding proteins (BP)- This cequenca U conserved in WiSM 
and WZSP-3, whereas V/ISP-l has a glutamlnc m the third 
position Instead of a glycine. CTCF recently has been shown 
to speclQcaHy bind 1CF (22) and a «fun«ttdiwv protein 
lacking (he TGF-BP domain u oncotic (23 \\. The von Wil- 
lebr,nd taclor type C module ( VWC) eJ 8 a found in eertam 
eollagent and mucins, covers the nc*t 10 ey d ie.ae residaac, and 
„ thought: to participate in prmcm complex ^'^ on ^ 
oiifiomerizetion (M). Hie VWC domain ot WISP-3 d * ffc « 
from oD CCN family members described picvtoualy, in that .t 
contains only six of the 10 cysteine residues i (Fit 3 and -fl % 
A short variable t«ion follow \U v wc: domain The third 
module the (hrombcJooodin (TSei domain is Involved In 
bind.ng'tO iolfcWd clycoeoniugatftH and contains m cysteine 
revues and a conserved WS*C$xxCG mouf li w .denufied in 
thrombospondin (?1>. The C-terminal (CT) module eotitam- 
in(t the renaming 10 cysteines U thought to ba involved in 
dimer^atior and receptor blndlnc (M). The CT domain it 
pceecnt m ail CCN tam»ty mc^^DeC5 described to dale but * 
absent ia WISP-2 F*8- 3>i and H). The exigence of a put dw;. 
signal sequence and the absence of .t transmembrane donuun 
suracat thei WISPe axe secreted proteins, an observant)., 
supported by an analyst of thar expression an* seaciiOn from 
mammalian ccU an<S baculovims culture* (data not shown). 

Expression of W5f mWNA in Hmmo Tucues ^ U woe- 
specific expression Of human WISP* charactered by FUK 
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anaiys»s on adult and recal multiple tissue dDNA panels. 
wisr-J expression was Seen in the aduli heart, kidney, lung, 
pancreas, pLacenta.cvary. small intestine, and spleen (Fig. ?Q. 
Little or no expression u/as detected in the brain, Uver, SkcJeul 
muscle, colon, peripheral Diooa icufcocyies, prostate, testis, of 
thymus, WISP-2 had a more restricted tissue expression. £na 
was deleted in aduk skeletal muscle, colon, cvary, and fetal 
lunp. Predominant oxpreiaion of WfSP-3 was seen in adult 
kidney and testis and fetal kidney- Lower levda of WISP-3 
expression were detected in plocanUi, ovary, proeiato, and 
small intestine. '. - % 

In Sku Localiwtion QfW5M and WISP-2. Expreaalon of 
WtSP-1 and WISP -2 was assessed by in sine hybridisation in 
nummary tumors from Wm-1 transgenic mice. Slrcne expres- 
sion oX WfSf-i was observed in stroma] fibroblasts lyine within 
the fibcovascular tumor stroma (Fig. 4 A-O). However, low- 
level wisp- 1 expression also was observed fociily within lumor 
cell* (data not shown). No repression was observed in normal 
breast. Like W1SP-1, WISP-2 expression also was seen In the 
cumor stroma in broast tumors from Wni-1 transgenic animals 
(Fig. *<£-H). However, WISP-2 expression in the stroma was 
in jpindla-ahaped celia adiacont (o capillary vccsejsi whereat 




Pia (A. C fT. and O) Representative hcnuto^ylitt/coain-suiccd 
Images from breast tumor* in Wm-I transgenic mice. The correapood- 
ing derk'Ncld inugoj shoeing WISP- J axprtaaion vo shown in B and 
D. Ths lumor ia a modonuoly w«l|.dilwr«rttialcd adenc^arcinoiTja 
showing «videne« of adanoid cystic change. At low power ^ ' and ft). 
expression of WfSP-I is seen in the fleltcsic eranchinc iibnjvascular 
tumor stroma (flrro wheat*). A f hi£'ier magnification, expression if seen 
In the stroma fibroblasts (C jjjJ O). »ud turner e«Ua iutc noe»tiv'o. 
Focal expression of WJSP-l, howo^ was obacr^od in tamar oeHVui 
some arcaa. Imagej of w/SP-2 nxprMSion act jho*n in £^/.-^low 
p<r*or (fi and P), oKp«**icn of WISP- 2 k cccn in cells lying within file 
fibrowavcuUr tumor stroma. At U'gner maeniucaMOn. these cells 
appearec to oc adjacent to capillary vessels whereas tumor cclh are 
negative (G and If). 
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the predominant ceil typ* expreeaieg WiSP-l was th« stromal 
fibroblasts. 

Chromosome Localization of <he HXSP Genes. The chro- 
mosomal location of the human WfSP fiencs wes determined 
by radiation hybrid mapping ponclc. W($p- / i$ epproximatcly 
cR from, the meiotfe marker aFM259xc5 (logarithm of 
ofirts (loci) score i Mi] on chromosome 8q24.1 to 6q24.3. In the 
same region as toe human locus of the navH &mily member 
(27) and roughly d Mbs distal to c-/rtyc (28). Preliminary fine 
mappuig iudieatcs that WftP-l is loeated near D8SL7i2STS. 
WJSffM linfcad io the market SHGC-3.1922 (Usd « 1,000) on 
? cnWm«ome'2ib<ji2-30ql3.1. Human WISP-3 mapped tc chro- 
mosom* 6^22-6^23 oad is linked lo U\« marker AF^^2^2«S 
flod - 1,000). WISP- 2 ifl approximately 13 Mbs proximal to 
CTGF and 23 Mba proximal to the human oellular oncogen* 
MVB (27, 29). 

t Ampllficadcn and Abcrran t Expneaalou of WISPs in Human 
Colon Tumors. Amplification of proiOC neocenes is seen in 
many human tumors and has ctloloficiU und proftnostlc sir 
niflcahoe. for example, in a variety of tumor types, c-rnyc 
amplification has Oeen associated wuti malignent progression 
arid poor prognosis (30). Because M7SP-J resides in the same 
general chromosomal location (Aq ^) as c-myc. we asked 
whetlwr it was' a target oi gene amplification, and, if so. 
whether thi* ampliftcatioa was independent of the c^nyc locus. 
Genomic DNA from human colon cajieif cell lines was 
assessed by quantitative PCR and bouiheni Wot analysis. (Hg. 
SA and J9). Both methods detected dmilar degrees of WJSP-l 
amplification. Moat oell linos chowed tignifjcant (1- to 4-foJd) 
ampl'Scttion, with the HT-29 and WiOr cell lines demonstrat- 
ine «n : 6 , -fold increase. Si|mifiocintIy, ihw pattern of amplifica- 
tion; observed did net corrcUtc w«h th^i cbsorved for c-m^ f 
indicating that the c-mvc £cnc is not pu1 of the omphoon that 
involves the WSP-I locus. 

We next examined whether the Wl$f cencs were amplified 
in a panel of Vi primary human colon adenocarcinomas. The 
relative wisp gene copy numoer In each colon mraor DMA 
was compared with pooled normal DNA from 10 donors by 
quarutuilve yen (fig. 6). The copy numoer of WfSP-i and 
WISP-2 was significantly greater than one, approximately 
2-fold fox WJSP-l in about 6u% of the tumors finf "A- to a-roW 
tor WISP-2 in 97% of the tumors (P <: lor each), the 
copy number for WISPS was indistinguishable irom one {P — 
0.166). fn addition, the copy numbw s& WiSF-'J was signifi- 
cantly higher than chat of WISP-1 (P < 0.001). 

The lt*«le of WISP transcripU in RNA isolatod from 19 
adenocarcinomas and their matched normal muco&a were 




Fio. 5, AmFltficfliicn of WlSP-J a«nOmtt; DMA in calon c«ncercell 
lines (A) An>p1ific*cion m cell Un* DNA ua? determined by quanti- 
tative PCR, (fl) Sautham Watt conu<n'n*j genomic DNA (1.0 M) 
O'gcstcC vjta ^ccRI (HTV*/) or Xhol (cvnK) *cre hybridiicd wuh 
3 10f>hp human rVTS/-/ probe (ami:»o aodj 18<j-il9) or a humon 
i-myc probe (located at b\i 1901-2000). T>m WISP and m/e s*oee or* 
doioecod in normol hntnnn gartoovc OMA afior i longer film «£po«ure. 
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F,c. & Genomic ampHGeanw. of WISP fri^S tn'IS 
The relative icuc eopv oumbcr «f the Wif gen.eS In « 
l^^^a^T »l «K.rodby qualitative POL 6y comp»nat 

SoISiflH . d«» -««* ± SBM from on* «r«^ «°« - 

^ie.«».Th.e I pehn,tntw ! lSfep«(ed««le.«|hr«am«. ; ;< 

MttRed by quantitative PCR (Re. .7). The level of Wisfa 
RNA presWc in tumor tbsue «riod but w» 
laoeacVl (1- W >2S-fold) ta (16/19) of tho 
',Spw, cxatninad compared with normal adjacent mueoaa. 
i^r o£ 19 mmors showed greater than UMWd 0VCT «P r ™* n , 
In contrast, in 79% (15/19) of the tamer* e*anunen 
HMA expression significantly h««f «° ,hc W ™ 
mucosa Similar to »ffi?-J. RNA *» ovejraxprewedm 

: 63<r« (12/1«) of the colon rumors compared with tho normal 
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FiC, 1 W7SF RNA otOldSton in primMY human ooloa tujnon 

cbt-vc expression it^md *^t^*Xf£g^ 



SS^: PCR. Th« DuVws .«*. of the tumor f* H*ed on&r the 
don« irt triplicate, ilic cvperiment waa related « u«« 
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DISCISSION 
One approach to undcrsiaodina ih« mcilcculir basis of cancer 
b to fckntfY differs* in g« c cxpr^on ^rwcoi anccr 

W ThL of the genes plated. 1WSW. W»M. »» d J™£< 

3re memocrs Of me CCN family of erowth 

induce* CT GF. Cyril. »nd aov. a fem.hr not prcowly linked 

"£Tifi&« experimental system, dcmon.tratad that 
WS^oidBrtioa wt« artodated wi* the rot«w» of Wn -1. 
THi first was CS7MC cells infected with » Wnt-l rolrov ral 
veetor or CS7MC eclte axpressinfi Wnt-1 under the eon.rol of 
7 tKta«5«ihk promoier. and the second « 

whereas nonnftl breast tuaue dc« not. No WISP fWAexpro 
S Scted in mammary tumo.< "y polyoma 

uS<^m?ddleT tntieoo (data not «ho«-n). Ihcse CUta SU«e« 

■» Inductkm eorralated with Wn«-1 ocpreti-00 

ti not whether the HYJft are &™*/ or »«"'M || y 

«tt?^cOioin-TCF.l/Uft). meraa.edle.eu or 
ivisy rimA were measured in WfttUHrtflrfonrwd «elU, hoar* 

could rctult from w n n sitnallns dtrcctlr 

trapscriptioo factor regulation or alleinauTcly tliro^n wnt-l 

^alinfi tuminfl o» a transcription facto., wlueh m ion. 

"ftSfc.. anaddUtonal subfamily of the (XN Wv 
of cremCb factors. On. $ bikin S clr.rcrcnce Observed in th« 

This donfain is thought to fa. involved in cceepw binding and 
inu aoowin » » f ^ s l0 F-|5. pUiclct-detivcd 

Sc^^^ 
&Sotff ait as dimar. (31).. U '^P B »«^S , Sw5 
AT<!?-i and WISP-3 may exist as citnoM. wMteas wi>r-.. 
eSi imowSer. If the CT dentin « « 
receptor Wndlng. W1S^2 may bind its reeaplor *rough » 
Snt region Of the rnoleeolc th«t« t»e «th.r CCN ^ hmth, 
Member.. No speclfle receptors have hee« .den.m.df o<< CTCF 
o; mrv. A reectit report has Shown th;-.t inteRrm *,h »«ves •« 
in adhesion receptor for Cyril (33). „„,„,. .„.■,„•_„ 

TS» atron* «pre«lon of »«W and » 64118 

wi^n tho f?brov«eu. 3 T uimOf Stroma in bre«r l»nwre from 
Wnt-l transeenic snimali is consbicnt «i* ptovioua ooatr- 
Ztl thaSeripta far the related CTOF fcae are pa- 
in *c tibtOUS SUOffll of raaiuutary tumcra 
fl?E$3w eolk are thousb. » control the proKferauon o 
Lor.nectivc li«»ue stroma in miinmaiy tumors by « eascade of 
f™-th fVotor sienaU cimilar to th.,1 commlliug connecuve 

pcrceniEfic nf raalienant broaat wra..« and ma, oe ^one Of.hc 
|rawr„ ftcors that nimuleW the ptcductwn or C10V ami 

TroSShat « W -f and »«W 
observed in the Siromal ccUs that wnound.d the tumo, coUs 
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(cpiCheUal cells) in (he Wnt-1 transgenic mouec actions of 
br«ct tittue. This rinding suegwb ih* P^^^J 
could occur in u,hich the stromal cells could supply WIS P- 1 and 
W1SP-2 to rcguUtfi tumor cell growth oa the WISP cxuaccl- 
lultr matrix. Stromal calUcnvefl factors in the cxtraccUular 
matrix have bocn postulated to play a rale m 
motion und proliferation I35J- The localization of tf/S£/ 
end in the stromal cells of breast tumors supports this 

pcracrinc model. ^ 

An main* of WtfW gene ampliation and 
human colon wmora showed a correlation bctw&en.DKA . 
amplification and ovcrcxDteaaion, wheresi over exprtSXlpQ Of 
RNA w« seen in <ha absence of DMA ampliation. 
In comrvt, W1SB-2 DNA w U Amplified in the colon tumors 
but its mRNA expression was sicntficantly reduced ui Die 
majority of rumors compared with the ajjiewion in oonnai 
colonic mucoia from me same patient- The jena for human 
WlSP-2 was localized to etiromnsorac 20ql 2-20ql3. at a regie o 
frequently amplified an* associated ^ith poor prognosis m 
nod« negative breast cancer and many colon canccn, jest- 
ing the exigence of one or more oncogenes u Ahta locua 
(36-38). Bccauee the center of the *) q n amplicon has not yol 
own <dcniifi»c\ k is powibie that the apparent amphticauon 
observed for WW-? may oe caused ny another C cnc ui thu 
amclicoo. ' l-' r * 

A recent manuscript oo Top-/, to r2t onholocue of 
WtSM describes the loss of expression of this ge^C- after cell 
transformation, Mating it may be a native regujawr of 
growth in cell lines (16). Although the mecnaninn by whith 
W-2 RN A expression is down -regulated during ^Jgf 
transformation b unknown, the reduced egression , of 
in colon runiOTS and cell Una 3 u ?K «ts that n ^ 
a tumor suppresSOf- These rcsulb ihow that the WISP gene, 
are aberrantly expressed In colon cancer and au^M*. that thair 
alwrcd expression miy confer selective growth advantage tc 
the tumor. . . .. 

Members of the Wnt signaling pathway h^c been impli- 
cated in the pathogenesis of colon cancer, brcaat cancpr. and 
melanoma, including the tumor supprcssoi jene adenomatous 
polyposis coli'and 0-caunin (39). Mutations in specific rowons 
of ither gona can cause the stabilization And accumulator ioI 
cytoplasmic j3-catenin t which presumably comrlbutea to hu- 
man carcinoRcncsis through the activation of UfC« genes such 
as the WISPs. Although the mechanism by whlcn Wnt-1 
iran&fornu cells and induce tumoriseiwsi* u unknown, the 
Identification of MSPs u een*J that may be regulated down- 
stream of Wm-1 in C57MC cell* tu B gcsto they couW oe 
important mediator* of Wnt-1 transformation ^e implitica- 
OOQ and altered expression patterns of tho WISP*-!* human 
co<on tumors may indicate no important role for these gen^s 
m tumor development 

We maflK the DNA syntbaii -roup for oligonu^oiidc *ynthew£. T. 
Baker tor technical awijtance. F. Do*d for »swooa hybrid <"PP'"S. 
K. Willcrt and R. Kmjo for ih« t«c-rop<«itblc C.V/MO/ Wnl:-ll X«i V. 
Di*it for d^cuesiong. and D. Wood md A. WruCi tbr art>M)fV 
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We have davsloped a novel "real rtnw" quantitative PCR method. The method measure* PCR product 
arrurauucioa through a duaMabdcd uuoiotetiie probe (U„ Ta*Man Probo). Thjf moihod provider v«ry 
accurals and reproducible quantitation or gatfc copies. Untlkcartier quantitailvt PCR methods, real-time IXK 
doc* not require poffl-PCR sample handling, pr«wmitn fl potential roe product carry-over conocnliM'inn *nd 
reiulrtnf In much faster and Merw rfiipu^ipwc' assays. The real-time fCR method haj a very law dynamic 
range of atarilng raw moteculo domination <U 'IW* ordarc of maffnimde). *eaUlm« auamlwHvc 
PCR I* extremely accurate and Ids UfeoMtueiirlve than current Quantitative PCR methods. 



Quantitative ntsacic acid sequence atfaiyas Jias 
Uad an important wit in. many fields of biologi- 
cal research. Measurement of gtme expression 
(UNA) hay been used extensively hi nxnOlP/Jng- 
biological rrspum-es in various Mlrnuti fiWi'ef ai.' 
1991; Huaiijt et al. l$9$w,b; I'rud'bommo vi al, 
1 995). Quantitative gt-nr analysts CON A) has 
- ln*«it uivd to <M«t-mine the gumw w ^uaniUy of > 
.particular £cnc, fla iu the cajcoi thc'hUfnan HEH2 
gene, winch Is amplified in -30<Mi or breast tu- 
mors (Ma men t*i al. 1587). Gene and senorntr 
quantitation QDNAand nNA) also have been usffo 
for aoalysl* of hut nan uiununodcflclcriCy virus 
(11 iV) huTdun demomt rat ing manges in ihc lev- 
els of vtnw thTOugliou U he Oif faro ot phases ofthq 
disease (Connor rx zl 1993; Flittuk ci al. jvvdli; 
Pintado ot al. lihJS). 

Many methods have been described for tin: 
qiiantirarive analysis ot middle acid sequences 
(both fur UNA ond DNA; Southern Sharp ci 
al. man; Thomas isxn). Kccently, j»Cu""jim 
proven re be u powerful lool for quantitative 
nucleic add analysts. J'CR and reverse mnacrtp- 
wc (KT)-PCK hove permitted ihc nnfttvali of 
minimal sraning quantities of nucleic aiid (as 
liUl« h« ono cull wquivalcnt}. This Jim jnadr pos- 
sible many experiments I Hat could not hnye. been 
p«rffj/oiud wtth traditional methods. Although 
PCR lias provided o powerful tool, it is imperative 



■ Uiai \\ i>v UitiU piOpa.ly for quamtu\lon 0 l « 4 «y- 
fnaeKer^ Msoy wrly t«y>atiz of 4u*ntiU- 

tfvc l'CK «od IVI-1'CR described cjubnUUI^>n of 

. ih^ VCTl product hut did not moaiurct th« Inlllal 
ur^H sequence quaiitlly, li U cs,i«nlia) to design 
proper control* for (h<f quantitation Afiheuiiliai 
Ifligvt >cquc.nce5 (Hcrrc 1992: Clement I CI al. 
10!)^) 

rUWichcrs htr>f. d«vclopc<1 several ruiitbods 
isTquahtittf Uie VCX and HT-HCR. Otic approach 
j7iV«iture.«.i , C3(. product <fuamiHy in the Ut$ plv»s« 
of ilicTea<:tipn before P^ J e«u (Kcllogi; tt al* 
1<>9G; I'ahK «t wK 1W0}< This method roouircs 
mat each sample has equal Input amounts of 
nudoi<* add and that each saropta under Analysis 
ampllflws wltJi Klvfflicol efflcierjey up to (he. point 
nf quamiMivii Analysis. A gene sequence (ron- 
Ulttvd lit all sample J or relatively conrtanl quan- 
ta;**, ioeh a* p-aotln) can be uced for xamplt*. 
UfftifrfkAtiori filiciency normaliaati<*«. UsIoh 
t-ojivcnticinai in«ittiod3 of vein dercalon and 
quantiution electrophoresis or plat« opfure 
hyhTfdlacUin). It. Is ojdrferncly laborious to assure 
that nil iwinplcs tire analyzed during ttw log phase 
of the rcwTion (furln)ih the t«iycl fenc hod the 
honuaiizati<»n gffnt*)- Another rncUiod, quaiuiia- 
Uve competitive (QCJ.-POK, haj» been developed 
and U-ticed wiocty for PCIR quanthation. QC-lO 
n;lics on ; lhc induslon of on Internal vxiotroj 
eooipcHtor m each reaction (Hnrkej-Andrc 1991: 
Hatatc d al l>9^a,b). Th* McUrcy of Q»cb ro- 
action Is aonuaUzrd to dir Internal compcilior, 
a vnrtwn AHfruiiK of intc=mol eoinpQtitor can bp 
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addod tn ouch crtmplu. Yo obUtn remove ohM'* 
tdilon, the; unknown target PGR prcrfiuet is evnu- 
pared with the knouirt OTiipctilorU^.R pr()duCf: 
Succwaj of a <]U3m11aUyc competitive- K-U assay 

relies (mi ucvclo/wng an internal control nun ain- 
jJifu^ van tlic same efficiency ac xitv U(f(tvt *uol- 
<x*uU\ The dcMicn of the cornv*Alo>« m»U lbs- va)I- 
natian of ampun canon effi clench:* jcqurro a 
dedicated effort. Hvwvo. 1 , because QC-l^U doe* 
liutivqtiirv iliat KrUputUucls be a n*ly>a*I during 
chc io<; phfttfe of 11 i.u stiupUficatloa, H U V*u <*4«Ur 
of ihc iwn inclhcda ta usc- 

Scvtrnil dwrweUOH *y*lcuu utv u>i^J .tut quan 
tlUttivir l'CH a>»d R'H-KIU njittly^oi (1) u^u^i^ 

ycb, (Z) Auurocem i&heinix i*c;K prtiqucw Mid 

Uctcrdon l«,*o*«titehiocuJ nuorotoence u«Ui£ 

CA piU^ry (fU:<rtr»»plnirv*;* (K«*ct» »< «J. WU- 
lloiru ci a1. \99<>) «r acrylmul dc $vb», mid C*> plaie 
capture and sand wkii probe hybrid Uii taut (Mul- 
dor «1 al. Although thctiv my(lu»di» jmi*«J 

successful, eacn mcfiuici requires poshJ'GR ma- 
nipulations that ac!<l .rlntu lu the aualysU ;uid 
may k-4ti to htbumuny mm dm fit nation, "ilic 
sample throughput of Uu'tc iitrOmd* J> limited 
{rt\[U UK' rKCXfMlon Of the fllfllC CnOUlIe ap- 
proach). Hn«l, thi-rv.fcjrc. these method* ore not 
»uflc.d fm tir»i.t> dviimndhif; hi^li 3d m pie 
Throughput (I.e., JcrevnlnK of JajfcC IUUJlbci$ of 
hfutmitc*.ulo> iii M\nlyxU*fi *Amp1v» fyr «J«a£iiv»« 
tic* or clinical (rial?}, 

Max v*v rqxirr the development or a novel 
iLVfey fnr c|uanttutiv« DNA inflJyfH*. Tbv «w»fty ifl 
huard on the iwc tif the ,5' Ouch't^c avviy first 
described by Hallund et al. (IVM J, TJic mvthoU 
»**<^ (h<-. nucleate «»:»ivHy of p^l/iucta.M: (o 
dc^vc a noncxicndlhlc hybrid I'/Mion, probe dur- 

it)|t t^c vx^iuiiofi |*h(ij< <»f 1*C'<, TIh: n| i; tr< rni.l i 

iocs dunl'lubclcO flviuru^cnic hyhrldJ/.atfon 
pl'obci (Lcccl flJ- JI?P3; J»a*d«i «t .i?. lp^r.; | ( |vo|< 
<*t nl, One fl\iun**<?v<it ^Ijrv -^vi-vro- a* a 

rcp^dci lPAM ci-carbc»>cyfiuntvjcclit)| and 
emission ipccU* a q«cnchc-d t*y ihc«ccond flu<- 
r«%c**\\ dyr, TAMHA (|.r Mi /i-carlwixy-tctmincihyl- 
itiodamlnc). The nucleate dcgmUtkm of the hy- 
hrUllmtlou ]>robc rck'tnw the hucucUUjk iif Uiv 
I'/VM flunrcko;tiL oimikui, )n an !n- 

<.rc«3u In peak fluorcsccni cnalaxlon m 3Jtj nin, 
lilt: use Of d mm^uciicc dotctftnr CAUl Ptivm) alUm^ 
nnoitufcinani of fiu<ir«5cuitf «i>v<.%m uf nil 96 w3l> 
tif nip. mcrnxai cycler conuniuniitiy cmnnj; i* 1 *-" 

rC"-R A flipl] fieri tlr.m.. There: ftin;. the oiu^Uuiift (u* 
iaonU<irvd ui fvol luar. Tb<i </uiind doia la dc- 
scriDeci and quamiraim: unaiyab at inpui Ui^ci 

UNA «c<^uc:\ccJ L3 di?C\l>S«id 1w;Uiw. 



RESULTS 



TCR f roducc DoreCTlon Id R«rti Time 



'Hie jjoul ^vflK t<» devdop a higMhroviirlipul, sou- 
lui^v, piwl mxMiratt gene qu^nitiallon ;i«jjy Tor 
In m<mhtfirlA& lipid modlalcd tharapoulic 
gene delivery, A plusmld -wncodinc liviman fottor 
V1U gwio twivMtx, pI^STW {tfije. Mctluuls). wan 
utcd a inod<i1 ilxmpcutu- «tnw»- *J*ho aashy 
flui»«w^ftt Taqiuan uto.ihodalo^y «n Imlru- 
" mem 4 cMpnblc o( mc«e\innM niioro*c(Kiv« a*» «c»' 
Hint <aiu Prism 77m Sequence npirnor). nic 
TniiiiHio rv^<rflojt rc^uSrw n hybildUmtioii jirolv 
Iflbclcd wltJi rwo dlffcrciil fluoruswu dyes. One 
dyu U a f ojxirlwr «ly« (KAXd), ihc other U S quciich- 
iu H J y v (TAMftA), Vs^hcn iiiv U inls<l, (Imo- 

ioccjiI energy Iraitafcr occur 9 «nd the reporter 
dye fjuorc*r.r.iif emixsirm is absorbed by ihe 
qucndilns Oyv (TAWflA). During ilio iintonnlon 
phajco of the i f CK cyck-. (he. fluorescent bybnd- 
l/jtli>.i pr«)t>c U dcavcxl by (Ik 5 j -M* ouelevlyiic 
otllvity of tl»c: ONA poryniCHiSC. On dcavagc of 
4 he probe, the r*{>oi\w dye cmixfion is jki If mgnr 

uaiwfcrrcd cfndcaUy to liu* yucnchini: dj e. to 

vultipfj hi On iii«r»a*o of iho rvyuriur dyu lludfCi- 
cv:nt «n iiiaxtmi *j>^Ctrn. I'OK »"d jii«il»*.T* 

vre/x- doTgnud fui ihu human f«^ioi VJH 5c« 
quencc and human p-aetl" jjumi «lt-jtt r;i>*d In 
MciIkjUi). OpUtnl£A(ion teneUcui? were per- 
fofmod t<i ctiooae 41: a upproprlufc pruhr and 
mft^ntshun conccnu«liona yleldiij^ <hc lu^lu^ 
intmthy of teponer fluorescent ai^n«l wiihovi( 
vucrJflcifi^ (jKclfioty- Tho lo*(<aot<in( u«*:#= a 
chfliicc- coupled device (I.e.. CCD etuneni) for 
me* jutting Ihc fluotocccnt vudjiffio:i <pcclni fivm 
f,(i<» to ^O nnt. Had) 1X".K iuIk monltori-d 
5t*q\»r»itiHlIy fcir 25 rrt.*oi; wiO\ cv»rtUnu<it^S muni- 
lonn^ th^vu^h^ml «l** ^lunJificatitm. U*eli Iwbv 
>vai rc-cxati dried every (1,5 ace. Computer X»/h 
Whrr. wa»; cloxi^ncd 1<i «x<uni»io tit* fhiorcsCC/H (ri- 

lenchy of both the reporter tiyc: (FAM).and 
the qucnclUng dye (TAMIlA). 'I'hc Jtuore^ccnt 
Sritvosily t»f t)i<t qu«nehlnfi dytt, ^PAWJUj ctnuiA^ 
v<-ry imlfl over the course of lite PGR aronHfh 
catloiv(dato not ihovrn), 'l'hrr*forfl f the Intensity 
oi tami;a dyi^ wnissioj] servos *s internal 

nfanUm-d wlili which tt« *»o«'iu«Hv*,i lh« r<:j^or<or 
vlyi: (FAW) cmUalon varuiiiuits. Il^e ftoftwarc enl- 
cu lutes *i vdtut: tvrotcd AHo Cor dKQ> ualnj; the 
following equation:. Afta - (lta*') (nn*), wbcrrt 
Hn J ^UiMfllun bltenshy Kivoxtvr/cinb>hMi Jn- 
iciisily of cpieiteher M miy fcivai th^c In a rone 
tlon tu^jc, «ud - vruiMoor iMtmtilily of 70- 
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poncr/cmissloii hucmlty u/ quencher nica.Mircd 
prior lo CCK friuvUiicaliou in ih" «mo nwrtitia 
tutic. )'or the purpose of cjuaniHatWrn, UK* 1«m 
tluoe d;ita point* (Alius) r/inccu-J during trwex* 
fciiMon attp for rnch K:H cyck- %*rrc analyzed, 
nio niicicfoiyucocftraoaTUm or wc nyujiiu/^uciA 
probe nccuM during ihc extcutruf 1 phafi* Of rvat, 
and, thurtfarc. reporter fluorescent chim^uii 10- 
creases during \hit time, Ti«: Hnw daia pobrtN 
wre averaged Tor cacli K^H eyvlc and the imtut 
value f<5r each w<*u piom;U in an "amplification 
plot" shown in J'iflurc 1 A. The- Alio mean value- 1.1 
plotted on ih«? y-axis, a no mac, represented tjy 
cycle number, is plotted cm the x-oxit. During th« 
early cycles of (he T J Ctt amplification, thr AHq 



value ronialnt at base Unc wricn xurflcienr hy- 
' bnkfivalloH juobe llNs he on cleaved by Uiv Tilif 

polymerase nuclease activiry. the* lnuaisiiy of r$- 
porUr flun**-j»ccm oittltujlnii liu-rwtuw. \Kl\l 
uinpllfK*|loiw reach ,1 plateau phu«<* of roporUT 
fiuufc&wui srriiaifon if Ttie rctrutiun h carfM mi 
io Jil^h cycle uuud'vi.v. ThcompHfirAllon plot j* 
vxaiuliu d tviiy In Urn reaction, at a point ihai 
■'''•■^wWcnU ilu? log plume- <»f |h4hK(cJ accumula- 
tion. This Is (lonu by wSAifinlns an arbiliurv 
ihtohold n<«» *k tinted on th* variability of the 
biwoiiuv duta- hv Figure 1 A, the threshold was «ci 
ai ia standard uuviuiicim; above ihc rnrnu of 
bi*o iln# <mii*wati «alcubr<d from cydu* 1 to ) 5. 
Once tbc threshold is chosen, the point at which 
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«gure 1 PCft product detection m real I'me. (a) The Mooai T7on vutiu^are wio construct amplification plots 
rroin th« extension pbat« fiuoroficoni emhiion data collected during the I'CR ampllflcauot^. Tbe standard de- 
viMion is determined Uotr\ thedala points collected from the btwc MtK of lh€ ampflfloUon plot. valufec arg 
cokuiatcd by determining the point el which the fluorescence exceed* « threshold limit (usually 10 times the 
standard deviation of \hc base line), (R) Overlay at amplification piov* of serially (1 'I) diluted human genomic 
OK1A *4n.»!os an»p^*d wUh fi-actln prirnorc. (O -Input ONA concentration of th* samptes plotted varsuj C r . All 
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the ainpUflc&Mou plot erotseo UK* t>U cihold'u-Uy 
fined as C,.. C r i* reported u« tho cyclo number :H 
tld* iKJlnt. Ad will bo demowUUUu], ih« C". f value 
la Jiiediilive ar iho quantity of Jnj»\»t tnrgtil, 

Cy Valu« Provld* a QuanauUv^ Mwiiiurcmenr.oF 
Input Tflrgcr Sequences 

Plguix! Ifl xhov« jmpJificHlioTi -plot* of J^iTfc*- 

cm TOR oinpJlficallonj ovcrlalaV'llir Amplify 
rtoftfi wore performed on * }:Z serial dUiitfon-uff 
human genomic J)NA. *i"hc amplified rarftei w;u 
human p nctJn. Tfto implication plohi xhift lu 
th<* HflM (to higher threshold cycles) nt (-he input 
target quantity ic reduced. Thtt i£ Aypcetad ho. 
i'jnua nuictlfUiG with fnunir atar-ting rnjiiiu of fhc 
target molecule require crtaicr antplJOcuicui'io 
degrade enough probe to una in Hie threshold 
fiuoreseonc*. An arbitrary threshold of JO stan- 
dard deviations above the *wwr line wait used to 

determiner the C^. vului-if, Vi&urv 1C re]jre*e<Ji(n tliv 
C r value* plotted versus (he 'iaitirilc OMutIuci 
vojuc, tfldi dilution was amplified in trfpUeate 
IT* AinplWcnrinnc and plot tad a* mi'iin value-* 
with en or bnj« rcprc?enunjt one atancUvd devia- 
tion, 'rue Or values decrease linearly with J.ncrac- 
inf lar^el quantity. Tnus, O r vaIuuk can be used 
as a <i\mnTiTfiiNc measurement of tiu* mpnt target 
number, b should be noted Uiat tlu< amplJfico- 
non. plot for tiie 15,6-ng sample jhown In figure 
IB does not reflect tht* same fluorescent rat« of 
tncreait? exnibitcd hy most of Iho otner .wmplei 
The 15,6-Ji£ sample also mbit-ves nulpotni pia. 
tcvm of ft Umvr fluorescein vsjue than would he 
expected tuuetl on rru« Input UNA, Jhi.i phenom- 
enon hoi been observed occasionally wnii <ifiu T 
.^rnplr.i (daia noi shown) and mny be Attribut- 
able to fura cycle inhibition; thw hypcuhevlx lv 
xiill under Investigation. H is import* n.t to note 
lh*i the flattened <Jnn« and early- phucau do nor 
impact flignfflciiiitly the nUcuiaiPd.C, v;duu nc 
dcinon5t-rHT«d by the 111 on tin- liru* *lmwn )n 
Ft^urc i C. AH triplicate Amplified |tms nrsufKif \n 
v-ery giinU.il- Ci- values— inc siandnnj deviation 
did nciT f.jfcccd 0.5 for any dUuttoivlMi vxperi- 
mont contnina « >1OO # O00-fold fflngraf Input mr- 
gzi iiHifeculcu. tjsing C v values lor <|uahtJl,iUon 
permits a niueJl larger aafifly xongc tlwn dJfccijy 
uainir total fkiorcscait cmlssioi) Intensity for 
quantitation. Tbo Hnwar range ol lluoresecnt ln- 
itnsity mea,N\Ktmcnt of ine, A1W I'lUm 7700 Sc- 



«l Al 1IMI 0UAN1HMIVI VCH 
mt*firc over n vory rjnn<» uf rolaflv^ ci^ninp, 

£om|)lg Pr»pi ration VAll<bt!oJi 

St-vcrai paraincxcni InfJuvilcc the ^fM^lon ry 4»f 
PCR nmplificfllion: mo^noiuin nnd JiuK eoneni- 
LratioiK. rcAdton coa\dUlunv nm^nvi i<*n>- 
pilr4ilui«) f PCH I Argot mug m\tl competition, 
primer sequences, and xnmplr pudry. Ail <»f Tbc 
.atK»vC (actOJS af« C;iu»nimi a sioplc J'tUt as.ifty, 
cxeejjt stunplc lo ?vnnplr purity, m ^ ef'on to 
validate (he method of uinpu* peparatioo for 
theiaeiorVjJl nistry, J*CKon)plilknrttm ixproOoo 
iliUlry ^nd oiriclcncy r« 10 replicate sampie 

pu«jK*ratioiK wojv ttKatl1ifW:d..Afl<tr fccnomlc ONA 

preriArcd from ibe to repllcaie Sinipje^ me 
ONA was <juariiUatod by idl/^vjolci spoeiroscopy, 
AmplificQUom vcrc pcrfo/mcd aiulyztnf: p-nrilo 
xaic content In 100 aJid Z5 nRof tout xeiuMntc 
UNA, l&ch K;h nmplJflcflilnn was pcrfotmcd m 
irtpUcaie, Cuinp^rLsaft of C- r vaiuoj far cacli trip- 
licate uuiip]« *how ininimul vtirlutlon Uaxi-d an 
ai and aid deviation and coefficient or variance 
("name I), loorefore. caeh ol tho triplicate PCU 
ampiifictttioni wiu hlj^ily fcproduclbJ^ demon- 
nrfltlnn thai r<&\ Time FCRUfting ttilc innntm*n- 
tntlon iniroducei minimal v ttf iutlon Into the 
qufljuitacivc j'CIt wvirysls- CunnpHrlson of the 
nipan value* oftl>t» JOf(*p]icote aoiuplc prc^Vi- 
rations nho ahovrcd minimal variability, jncicat- 
ir\tj that diCh SflmpJ& preparation yi«]<l<Kl sonilar 
raults for f^-,iclln gene quAntity. J'hc hiphcj»i C: T 
difference heiwecn any nf rbe dimples was 0.if5 
•UUl 0.T3 lor Ulfl 3(X> end 35 lift Uimplcs. rv«,THt(> 
Hw«jy. AddifionaJly, the tinpliaciitloii ( if radi 
sample exhihiret] 40 c^utvfllcnt rale of fiuora- 
cojh ciniKsion inlcnutiy change per amouni of 
1>N?A turret oofllyzco* as indJcaicd by similar 
slopes derived from the <aznp)c dilui'onj: (t-^g- ^J. 
Any ttuuplc eontaioiti^ an exccji of « l'CK in hibi- 
10/ would *xMlih ^ ^rc»ater meisurod p-actin <;, 
vj(uc for a given quantity of UNA. In addition, 
inc Jnliibitor woutd be diluted aJnnj wiin ilu^ 
AAinplu in che dilunon artalyNiy (H^. 2), altering 
me expectod CI,, viluo chajifj*;, K*cb Kimplc ,mv 
pjjficinioa yielded n JlnJllflf rcauh In rtw; analysis, 
demons! fining" (bat this method of sample prop*. 
ration Ja biflhly reTn-oducihle. wdh regard (o 
smnpic pvirlty, 

Ouanfitative Analysis of a PI annuel After 
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TaM* 1. R a pro du<lbftltty of £*mp>o ^reparation Mothod 



ioo ng 



25 ng 



Sample 



*tnndcrd 
mftbn deviation CV 



standard 
moan deviation 



9 
10 

Mo* 



18.24 
18,23 
18.33 

ia.33 

18.35 
lfl.44 

ia.3 

18.3 

1S.42 

1S.1S 

u.23 
ie.32 
ifi.4 

1H.3B 

18.54 
16.67 
19 

18.2B 

18.36 

1AJS2 

13.45 

H\7 

18,7? 

18,1ft 

18^ 

1«,36 

18.4?. 

Ifl.67 

1 fi.66 

<1 10) 



1W.27 0.06 0,37, 

1?..17 0.06 6,3? 

13.34 0.07 0,36 

18.23 O.OJE Oyfl.6 

10.42 0.O4 0.23 

16.74 0.24 1,2d 

0.12 0M 

18,63 0.10 0.83 

lfl.29 0.1 QJ* 

iJV.Vi 0.12 0,65 

13,<i2 o.rr o.90 



20,49 

2ft. e S 

20,5 

20.61 

20.59 

?(M1 . 

20.54 

20,6 

20,49 

20.4A 

20.44 

20-3 e 

20.68 

20.87 

20.63 

21,09 
21.04 
21.04 
20.67 
20,73 

<ao.i£ 

20,96 
20.A4 
20.75 
20,46 
20.54 
20.ifl 
20.79 
20.78 
20.62 



20.51 0.03 

?a„14 0,11 

20.54 0.06 

20.45 COS 

?o.7A 0.1 3 

21.06 0.03 

20.66 0LO4 

20.86 0.12 

20.51 0.07 

20.73 0.1 

20. £1 0.1 P 



CV 



0.17 



0.31 



0.28 



0.26 



0.2 

0,57 

0.32 

0.46 
0.94 



<0f combining a part ml CUNA lor luixuflii factor 
vni, pi'frru. a 4crlvx unntfccUons was 
up uilue a decreasing amount of Lbc-pJawmd^O, 
4, 0.5, and o.l rvvcnry-reiur htro/3 poM* 

IroiMfiriJon. total tiUA >/<t3 j.iurin<Hj fWu%» cadi 
flaa'k of rem. pvwiin j;e«e tjuaullty w»i tiitocn o.t 
* v(«i wr f<,r rioruiQliV.aihni cir^cuuiuic. ON A con- 
crjJTTUiUJH SVomettdi yciiupk-. hi Uii* expeiiiinjMi, 
fci-aenn hviic: content shoviid remain cannam 
relative hi total icjiuiiiic Una. Hjjutv^ rttuw* iIk- 
rwufe or the p-acti*i UNA mcttturcmcnt (100 ng 
ioLol P'NA determined hy ultraviolet spectros- 
copy) of wch nun Kaeh 4&tYiplc wn» analysed 
in iripHratc a no we mean jr-aeun Cy values of 
the Implicates were plotted (error bais represent 



bvKw«e.n *«y iw« siinjalfl maim wan 0.1*5 C„ *ien 
nanograms of lata! DNA of «3cli iainpia uiqj*q aI«o 

examined f*n pracUn. TltC JCJUlti Ofiitln 3)lUWttd 

Hw very sufiHar amount* of genomic UNA were-. 
pn-send'tJiv maximum mean Jrf sciin C ( v*1uc 
difference 1.0. Aj i'l^urc 3 iUowjt, the rate of 
fX-accm C r tiliurtK* l>cUw*cn \ho 100 and lO-og 
s (unfiles v**3 aim Holt (.sIo^jc v<Jacx r*n$« }»<A\^<t<rn 
5t.5rt and -3.45). Thi.r vciiR«5 ag«in lh»d ^hii 
/nctJ»Q<) of iisiinplg prapOraUon yiclJy «a^j»lafl of 
'ktcmlcaf PCH inlcgriry Q.<^, no sample contained 
«n OXCCJtlVV amount of ^ POU lahital6rj. TTow- 
ever, thcae rcsuhs Indiana that cud i sample eon 
Ulncd slIgM UiuVtencc* the *ct\iAl amount of 
ftviiuinlc \WA aiwJyyxd. Uclcnnlnarian of actual 
tfunuutk' ON A vwnc«iv(r4tiAA v/ot «ceortlpUthod 
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1.6 i«4 f«d i*« i.r 1,0 

fog (ng lopui ovnomlc DNA) 

FJgurw 2 S-ampI* pfeparmio-n punty- 1 He replicant 
wriplti ili awn In TMe 1 woro also ampiir.mj in 
tripfCAte using IS ng of **CY\ DNA Umple. The 
uie .d*Hvs the input ONA concentration (100 
25 npj v;, C, Ia it\t- Kytrt>, ih* ion nnd PS ng 
point* lor *a<h tample are connected by a fine. 



by plolUnu tnc mcon (J-ucb'n O, value obla! nod 
f\ir t-iitUi lOO-uy sample uii J p-acUii ^jmlxru 
eurv« (siiOV/n in iMfl. 40>, The aaUiat £<iiiumU 
ON A coticculrathm u/ each iumpU:, <c vya* oh 
tamed by extrapolation U\ the i<ajuL 4 

l T ;^iru 4A iht>wi; Uve <rac?£ur<id (t.o, # <u««v 
nonwalJ^ctl) vMemijiiea of /aUur VJ1I phwnHl 
(prcTMJ Cmmcacli uf the four tr*n£ici\t cell 
tr*"*r«elif>nA. I'lttch re(tc|!oa contained 100 n£ of 
total sam j lie UNA (a* detent i;mvi »y uv cpw<e<»* 

COjay). lUch *«mpJv wi„4 Mi.ttl/ix J jji iripKi.^U- 



PR , 
2H 





M lie iV 4 
fog (ng mpuf ONA) 

Figure 5 Attaly*|> of Uonifectcd cc/l DNA quantity 

and puny, ihc DNA preparation* uf 0. u four 293 
C«JI transactions (40, 4, 0.5, and OA p.g ci pWTW) 
were analy7t?d for the 0-&ctln gene* 1 00 and 1 0 ng 
(determined by ultraviolet spectroKpp/)^of each 
sample wore «mpiffied in triplicate, For «ach 
amount of pfBTM Nut wa* transfected, the 0-nctln 
C T values are plnttfrl vertu* rhe lolsl Input DNA 



U\\\ TIMl- OUANTiUllVK PCK 

1>c:i« «vopH fiction*. An ohowu, prfl'JW purified 
jfuiir.tbc 29:1 cells decrease* (mCAn C, value* In. 
vtvu/u'/ wUh ducrca«in# amuunli <if plaxmfd 
iiruiou*itcd. Tht; mean C 4 values obtained for 
p>VTM -In Tlguf a 4A were platted uu m tlandual 
«_urve o<«mpfl.H<*J of tteHwHy diluted pFKVM, 
s*i own ,fn "Fjpurv '1*1 ic quanlHy ui nWi'M, ^ 
found in <»(w:h of the four tfan*rocUom vim aV 
tcTn\m«1 by otrrapnlauon to the x zxh of tho 
uandard uur^ct in t^uro 4H. 'Hni«o uncorrected 
value*, K far pFHTM Kycn* noruM»)/<.^ tn rtciief- 

mint/ UiOidu>( im^unl of fwnd p«r 10« 

rilC <if i^rmmic ONA hy ualnpj ihc equiHon:. 

x 10 C ^^ ^ UCUUl p»W*W Wifilfe* ncr 

^ - JOOngofucncinucUNA 

wlid/a a actual gemouje DNA h\ a jsauiplc and 
(r- prtVI'M cppics /torn tlic atauOctit) CUTVc. '41 ic 
nurnvdnicd <jutinUty «>f pl'ftTM ptf 100 rtfi of ^s- 
nomlc ONA for each of ttw ft,»ur trcnajfcciloai 15 
JSnov«rn in H^urc J- *n*ciK roulls UiAi the 

qua nmy of factor V4II plasmtU itjvtn.jiiU-0 vriili 
the ttlb, 21 hr after tr«n>Ax*tUjfr 4 U« ( .t.ic>isi^ 

WJUl UCLTCHiilJj: pf MM 11 ft) UHU.tIiHi a(ii*ju tiled in 
the toiufvct^Tn 'llu: <juiuitUy of pJVJ'W ,lsaovi- 
utod viih 393 ccM,i, uftvr tranifccUojt yvhh ^0 ag 
Of JJiasnud. Was 35 pfifper 100 gwuixilc UNA- 
"fills rcJtJln In - S20 3>ItiaiitlU eopicj per <vlJ, 



OrSCilSSION 

We hflvo dcstxlbctl a new method fox qua i:uim - 
iufl fjcac <opy numUM *«^nft /oMltnc «n«iyjd.i 
of PCR amplificflthmx. Real-lime PCK ccmipat- 
imc with either t>f uic two KU< (iiT_rcn) ap- 

(WHcllvX (t^ <{U«illltqti>V (tO«l%r'at«'t« v V **1k.tC All 

uiiunul winivctlinr ior cacn target .vctjucnee b 
uscrf for norroalfxatjan (data not ihowii) or (2) 
qti0uUiaUvr compaTadvc 1 4 CJR uiluy u iu«iuaUv:A- 
don gene con (nincd tvithiit ihc sample (i.e., 
tiii) or e "houid;et;|jiii£" t&nti for RT-i J CH, U 
«vual aoiounu <jf nucleic cad trc an«ily/wl f</r 
«tcti tamplo anU if the ampllfl^Uon ef/i\irncy 
hefrire quantitative atialysU «3 idcnu'enl for c*»di 
!CimplC 4 me. iTirerual cufjlicil {jumiiiili'/jliaii ^wi(r 
or compel it ur) flhould j;ivc tijMttJ x^iah for a\) 
samp lev 

Tlio rcal-tlm«? rCK motrjcxl offers several 
vanlti^w crv«r the oihcr two method* tnat/cnUy 
employed (see the IntrudurOon). Mrst, the real- 
fiftic PCH ipcthud la />crf<irmed in h clo^cd-lube 
systum i»ud requires no jxwt-nCR manlpuUtlon 
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nsamm uw<j /a vauiMucm dial 
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d 
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1 «*" t-*-M(mttl fitf 



H.gur« 4 CHi*ntHMk/o analy^ pF8TM in Uanslccud ccl/i. (>0 *~noun\ of 
piaimld OMA used for th„ lr«n 3 f«cilon ? toT<Cd against Hits tiwtn C, vsiru€ <teter- 
TSwj J * i r « m-w " t » alter (rcnsfoctfon. <0,g sundae o.rvr., of 
jj'j . j ;* / rapcci,vol >- * ,ren M 0MA <*> <jcnocrJc dna co were 

dilutAd wWly 1 -.5 befar* ampliation w!ih a PP m r ri a , c primers. Trie H. a cCin 
JnT^u CtJrV<5 UWd la ^'"-^ '«ult3 of /Uo 1 00 nx; or genomk DNA. 
to) The amount of pfSTM present pur ioo .. 8 af R enornfe osu 



nf *wm,rf v . Therefore. m«. jwiumm.**! for rCH-coii- 
i^mlnaKwi in \hc laboratory ; 5 mhtcvU because 
AmpJlfluti p/vJu^m L-uu lau^nalyytKl aji<2 dispowd 
of^iliuut opcnin H tiu. r<u.cai<in lube?. Sccuntl, 
ihu nicfthAd .Mppoiia Oiv um: «f a jHjni«ilt>4.Uvij 
Rano (i,c. 4 fJ-acitn) /or quanti<MlIv« or fcouac- 
Kceplug geiw far <3<itn(Slntlvc RT-1'CU ronttols. 
Aaaly#ii h pccf<iri,i C 0 In real Umc during the Jo^ 
pnasc of product accumulation. Analysis ctiirmji 
J^M phwe pewit* many different fccJic* (cv C i « 
vrldc inpm tarfcet r4n£r) to be &nejy»ed afmulm- 
ncuuxiy. wltHoui vonxxm of reaching reniitan 
ukUmt «t diffetent cycles, Itua will iuaU inulll- 
$cne analysis aij* y , muc h CM | a lu acvetop..bc- 
C0u»c individual internal Mm<pcll(UJ> vvHI nut be 
rtCCdcd for eneb gene « )u J, f anolyoli. Third, 
»«mplc t1u e , UK h pu( wl u i| UITOC 0itt»u«tU4U> 
^ith ihc ucw rueihod huchutc tliciv no |*jm.. 
J'CU prrKcrwlng lime Additionally, vim kloQ in x 
:)0-\wW format is highly <.t>ir. I)( ihl)le with tw<<* 

The rcetHum; PCR uiclhod \± W*$\\\y fcpn- 
dutfbk-. AcpMcatc. Atnpllflcbtlons can be tuiHlywl 



for ^ach ^-iinjjle nUnimMng potential. «ritir. I'lm 
wy<iMifi Allow* iVt o very Jar^c 4,\say Uyninil*: 
ra/ijfv fa|i|iniachiu$ ^OOD^OfJO-foUl Mnning Ui- 
fcut). U«tnjj a MaiularJ <-urv c £orthc tarKCt ot In- 
tcrwrt, n-Jntlvc ^jiy n^imlycx vaJuw can be dcicr- 
'ftilncd foi" any utilu*^^ ^afl|pU^ Kino rr scent 
lhr«J><iM yqluc^, C n <oiiclair. liin^rly wirn rfela* 
live l>NA wpy nujliberjc. U«il time ^uaatUallvc 
RT.^tai wclhodolr. ft y «iibA>n U al„ UltX l«UfrJ 
been d«vr.lopcd. ^i/wHy^ieal Uoi« C|«hm- 
tUatlvr I-CHin<»tli<KJoIogy c«n l>c u*:d twUcvcJup 
hi^hrthrou^ptu jcicculn^ itasayA tor p variety of 
opplicqtlom fquantKntlvc flanu Qnfaiaoivii (H'J^ 
rcn) ( flan. o 1)r « aw «ra (llcr^ UlV, cic), gc/irj* 
typing (kuockcui mouse £.nu]yjj*) ( und Imoiui 
rrjij. 

lWn1*tii«c P<i|< iTuy alao lie performrd tnii»jj 
JntcrcoltHlttfi cfyc* e» uL 1V*JU) VU ch tu 

oUvidium bromide. "The fluorogenlc prdie 
met bod offers j major :icj vantage over intcr- 
OAlalinfi <iy<3 - .grcotcx jpcelflcfry (l,c\, primer 
dJnivrs nonsp«dflc PCtt productg a«, i%ot dfc- 
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METHODS 

Canorailon of a haloid CunUlulnic o i*orrta1 
cDNA Tor Human Factor Ylll 

Tula I HNn harvr«icd (HNA«<* t» (rum 'WlVtCr lne„ 
WiV'tdiiH'eod f TH) ft<jiu wll» i.^ttaJVctcd a fcwrtur VIM 
««<jfru»U/u «cC(o«-, |iC&Z.m45U (Kqkmi i'1 flt IVtto; dor- 
man <■» at, ij*90). A fJClor V||| pUflUl cllN/l wvjwiuv W0S 

,t(«.tmui by in* i*r;u i<:i-i««Aoi> lot rrin una i»ra vh 
(pun Ntfotwir/s. riAPtiiicU i*H>sy«cms. iwu»r <3iy, t:A)J 
«>lnr, Uic t'<:u pnuivrs JWor «*nif I'fUcw t|t|ii»««f mumtm 
««• shown b<rk»w). Tin* amplkon ww icampilfi«*o uMnc 
nicnJific;) tftfa* aq<l Wrcv prtmcn («jl]KlUlLHl Willi fwwiu 
pn<j f/rmlUJ r« I rial on <?1rc sequence* m *Jlv ?i* VI Mir *«rt 
cloned Into [KlIlM- 32 (lYwnwji* Cnr|i., M#<»nau, TAA), The 
<e*uUla£<i<mf, tiHJTM, «*j u<rti lor iriuuw" irarulcnlQn 
ofaKecfa. 



Amplification of Target DMA ami Puittilon of 
Ampiiopn Factor Vlli I'Uttnid UMA 

<rr< /< Ui^A<»AtritjAi 'a 1 * OTc-fl* a«d i : *ri»v .v.-aaakxjt- 
4uco.crocATC'trrAori-.v. '(in: d\m jffwlutvJ.t 
l^i I'C.-V prtKlLtci. Tnc fnrvruM JJilim-r urtui dvalxiuxl <u tiX\ 
agnize a unl^.v *vif»u'»«u- Ann id Ji> ijic S 1 untranslated 
WXHW of thu paxml pCiS2.Sie$l» i»ie.>«iy <md iWcfafC 

tlovi m*i iwi^nUu mm J Amplify Uiv liuuioil fociW Vl'll 
8vii««. 1'rimr.r* *vv« chufiuu wills tJiv ««*iUH«rr rif I ho roil)' 
pulcr pie><r;<m OW&v -Ml (N.4<trm«l ImucteiKVC.Inv.. I«ly- 
mmitK, UN). Tb« human Roiijllflcd with 

Owe piimo* prliucf ,<' *i>CACCTCrtCA<r(X;'(' 

CCCCAlX7rAOOA-3' an<J ^ud\ti revcry: rulmci V-CA<^ 
CXGAACCX:(VIt:A rrc:<:OAjX;G-3'. Tin* rrncUcni pio- 

A Hi pij/lcA Hon m<Uon< (50 id) <xmifliia<ii <i Una 
*«mpl?, JUx BufTtv Jl (b 200 p4 tlAlV, OCAV, 
MTV. tn4 m^ixu dlll'l 1 , 4 imt Mx^U l^Ji t/nlu Ampi/ 
7>i(/ fJNA polymcxoi?, 0^5 uillf AfUpr<0JC MmCH AT-(ijy. 

ao» of (Ik foMvwin^ ^t«{ v< -(i«n |.*.iu*,« f Nio riM rorliK 
i'itj.^.Ur **<va w)ac iavavt .*<;A<5<:rW((r;nx/mxn*Gr- 

n(X:iT(TAXm^ 3' « U4 J p ndm uroU- S' (FAM)ATGaxW 
XCJ , AMJU)CCCC:f^TGCCATC,-.V ^lirrr p IhrtKurt 
phofl^lvn^rtiion «nd X ifluticattt a linker anu nuciwtUK.*, 
£«<Uoii Mk-* wi^iAmp Ofitu-nl 1\U>cj <pnrt AUm- 

WrMWii IVirWn Mauix) MUX Kvofv frOUlxl Ut iVfWit 

fllniw*) |^-»-^,it ltgl»| from flcvl tu£. '\\%bc c dpi were 
iJmJU* 1^ MU«vAn»]» Oupj UU jf*c<(AlIy dcii^acd l& pro* 
IIrIu *«((vr:«« e . am <.hi^ lx:a rtm/iMtntihUi were «uv*« 

*«Ct\ ( Inc. (ifUl)l fr«»«cbcV, CA), |»rolH*S ~VTV dt^JtnKl 

u**u s Oic OtJco AM jHifiwofv, ftttknv|ji£.€a1dclliiq£ siiii; 
Hcsi*a in tnc MoUd 77WI .l^ucrtcc im\ruir tuAUinuuil 

inoti tnc jhuivmUhk iriuiA*j«iurc: used <(urliii; 4i«rrrtiul cy- 
ehu%; prlaiCT,\ 5hc\iM not iwm Mulik* i'upitfictsrwiih.lhr 
pjr*lv. 

mcrjOAl tyc'tn^L caiidiH uiu Inrlutlud 2 mlu fvl 
SU*C and JO ruin nl 95 "C IlicniwI eyeing r*m«t-rdrd 
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Sama uara, t:A> uaKcd diatHy <a iru? WtufcJ V7f«\ ft*. 

quotum IkdocKsr. Airj'y*l* *if vloU w»« ut«u jw^onr^-H 
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VtWT T17.1 flasks Of J.SVJ CCSJi CK1, IS7H), ? humart 

ft(fll WCUicv fttH^MWOn c^l JUie, wvrv «n:wii to R0% con- 
Murncy an»1 irontfwa fii wi*m 4 ceils were rt«u/h hi Uim 
tvillciwliis mcdlfl! HAM"* UUtnCHil CH I, Uiw) 

iducoic JHiilKTtHt'n imiOifird Kfl^io medium (i>MUM) wall, 
oin ^lydiit' will! «odlum btc4Th<uia<f, I UK. iv\?\ tvtvtnr 
scrum. % Mi.u i-^luUiniiiK, and IW» pflnicifljji-jirrpfomy- 

thi. *J"hc m<idlJi vyai <it<af*f(wd 2 fl «ulu (>rf\^ lli*. Irtthcf^ 
tiow. pWfM r>V3A amouiiio uf 40* 4, fl^S, a nd O.J jic w V a^ 
;itlf<r ( (i it i ml of a flohulwo oonUirilnft; 0,1i^ m <^O z 
and 1 x HUH^. !7l« fout n^i«lurv<t w^rc- lc/l at rwm |t*'i«- 

(JC/B»«l«- f^M 1U Uhvti i*J«K<«l /l^» ( i— !((€■ 1«t tJ.t.' ^«Jl3. 

'Hie n«.k> «vi«-;.«.^w1 m Ia| «ia7»C ^n^ f.Ut (<,r 2<,ht< 

*(uiKrd w*,ai iuiv; -.wv.*p<^<iod in wis. *lhi? u*us 

jA'ntkul cc Us wcio diwUlvJ ui I** «!«»{• -nJ DMA w*i tv- 
TTncrcd tiuincdlulcly usutg Uiv QMjum Wi*-*! 
Oinumnl/i. CA), DMA was f.1i,<«3 lair. 300 r l ot -*J0 m»^* 
Trfj-liClalplIKja 
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methods. Peptides AHNKor AEQK were dissolved in water, made isotonic with 
Mad and diluted into RPMI growth medium. T-ceU-proli feriuon »uyi were 
done «tenti*lly a* desc^bed 3a *^ BricQy. after inagcn pulsing pO^ml 
TTCF) wicb tetrapepcides (l-amgmr'). P&MC* or £BV-B cells were 
washed in PBS and fixed for 45 s in 0.05% giu car aldehyde. Glycine was idded 
CO a final concentration of 0.1M and the cells were washed five times in RPMI 
1640 medium containing ttt PCS before co-culture with T-ceU clones in 
round-bociom 96-well microbe plates. After 48 h. the cultures were puked 
with 1 of 3 H-chymidinc and Harvested for scintillation counting 16 h later. 
Predigeidon of n*w TTCF was done by mcubating 200 ^ TTCF with 0.25 ng 
pig kidney legumain in 500 ^ 50 mM dente buHcn pH S J, for 1 h at 37 *C 
Olycop«pfld8 digestions. The peptides HIDNEEDU HlDNCN-gluco^flunc) 
EEDl and HIDNBDl. which arc based on the TTCF sequence, and 
QQQKLFGSNVTDCSGNFCLFRCKKK). which ia based on human transferrin, 
were obtained by custom synthesis. The three C -terminal lysine residues were 
added to the natural sequence to aid wlubility. The transfcrrin glycopepude 
QQQHLFGSNVTDCSGNFCLFRwas prepared by trypcic (Fromega) digesuon 
of 5mg reduced, carboxy-methylalsd human transferrin fonowed by 
concanavalin A ch f o^r*u 6 raphy 1 ^ Glycopcptides corresponding to. residues 
622-642 and 421-4S2 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilizcd transfcrrin- 
derived peptides were redusoWed in 50 mM sodium acetate, pH 5.5, jOmM 
dithiouVeitol. 20% methanol- Digestion were performed for 3 h at 30°C w U h 
5-50 mUmr 1 pig kidney legumdn or B-ccll AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgml a- 
cyanocinnaouc acid m S0% acciomtrilc/O.l*. TfAahd a PcrSeptivc Biosyitems 
EUtc STR mass spectrometer set co linear or reflector mode. Internal ittndat* 
dilation wax obtained with 3 matrix ion of 568. 13 mass units. u \ 
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Fas ligand (FasLf is/produced bf activated T cctts and natural 
killer cells ai>d itlnduccs apoptosis (programmed <*U death) in 
target cells'thVodgh the death receptor Fi5/Apol/CD95 (ref. 1). 
One important role of Fasl and Fas u to mediate immune^ 
^cytotbjcic* killing of cells that are potentially harmhil to the 
Organism, such as virus -infected or tumour cells*. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3). that binds to Fasl and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplixWd in about half of 35 
primary lung and colon rumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytoioxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we idenn- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gent mpcrfarruly 1 . Using 
the overlapping sequence. w e isolated a previously unknown full, 
length complementary DNA from hunian fuul lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNa 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino tenninus contains a leader 
sequence, which is followed by four tandem cysteinc-rich domains 
(CRDs). Like one other TNFR hornolcgue. osieoprotegenn (OPG) . 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscoaated. 
molecule. We expressed a recombinant, histidine-tagged form of 
DclU in rnarnmaUan cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamidc gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OL'C (31%) and TNFR.1 
(29%), and has relatively less homology with Fas (17%). Ail of 
the cysteines in the four CRDs of DcR3 and OPG are conserve^ 
however, the carbc^-tcnrunal portion of DcR3 is 101 rescues 

shorter. . 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). Wc detected a predominant 1 2-kilobasc 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRN\ 
expression in the human colon carcinoma cell tine SW480. 

To investigate potential ligand interactions of DcR3, wc generated 
a recombinant, Fc-tagged DclU protein. We tested binding «f 
DcR3-Fc to human 293 cells transfected with ind^idual TN3- 
family ligands. which are expressed as rype 2 transmembrane 
proteins (these transmembrane proteins have cheir N termini m 
the cytosol) DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 1 (Fig. 2a), but not to ccuV transfected i widi 
TNF*. ApoZUTRAlL 4 " 5 , Apo3UTWEAK". or OPGL/TRANCE/ 



*•* no**r,ijocu idddlwt^w nature COtTl 



HMun O MflcmJlbn PuDllshon Ltd 199« 



eud 



ncLfLtCtv nan An niutf ^ 



letters to nature 



RANKL"- 1 (data not shown). DcR3-Fc immunoprccipLtatcd shed 
F^Ltorn FasL-transfected 293 cells (Fig- 2b) and punned soluble 

FasL (fig- 20. as did die R3 *S 

TNFR1 Gel-filtration chromatography showed that DcR3-Fc and 

2 FasL formed a stable complex (Fig. 2d). J^num 

iSysis indicated that DcR3-Fc and Fas-Fc bound Mj so.uHe 

FasL with a comparable affinity (£,=0.6-0.2 ana 

\f±o7m, respectively; Fig. 2e), and that DcIU-Fc couW 

biodc nearly all of the binding of soluble FasL to Fas-Fc (F,g. 2e, 

inset) Thus. DcR3 competes with Fas for binding to FasL 

^odewrrnmewhetherbinding of DcR3 inhibits FasLactmcy.we 

tested the effect of DcR3-Fc on apoptosis inducuon by so ubk 

FasL in JurkaiT leukaemia cells, which express Fas (Fig- 3a). DeR3 

Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 

similar dose-dependent manner, with half-maximal mhft.uon , « 

™ 1 a-gmT'- Time-course analysis showed that the mhibUion d,d 

not merely delay cell death, but rather persisted for at least 24 hours 

? F i Tb) We also tested the effect of DcR3-Fc on actxvanon- 

nduced cell death (AICD) of mature T lymphocytes, a FasL- 

depend^t process". Content with previous results \ a™ 

of interleukin-2-stimuUted CD4-posiuve T cells with ann-CD3 

antibody increased the level of apoptosis twofold, and Fas-Fc 

blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 




induction of apoptosis to a similar extent. Thus. DcR3 binding 
blocks apoptosis induction by FasL ... c • 

FasL-induced apoptosis is important in elorunauon of virus- 
infected cells and cancer cells by natural kiUer cells and cytotccac T 
lymphocytes; an alternative mechanism irrvoKes perfonn and 
cranwmes' "-''. Peripheral blood natural killer cells triggered 
EETSl d«th inU T leukemia cells (Fig. 3d); DcR3-F^ 
and Fas-Fc each reduced killing of target cells from 
-30%. with half-maximal inhibition at ~1 ngml ; the^ristd^ 
killing was probably mediated by the perforWgranjyme pathway 
Thus. DcR3 binding blocks FasL-dep«ndet.t natufcl VjUer ceU 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared widvthose required to 
block soluble FasL activity, which is corLspent^.th the greater 
potency of membrane-associated FasL compared with soluble 

?i Given the role of immune^toxic cells .n elimination of 
tumour cells and the fact^DoJU can act as an ^bitor of 
FasL. we proposed that Dtltf.-expfession ought cotitnbute to the 
ability of some tumou'rsW«cape irnmune-cytotoxK: artacK. As 
genomic amplification frequently contributes to nimongenesu;, we 
investigated whetlTcr. .the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase cha.n 
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F,guro t Primal strucrufe and e.preseion or' human OcW. a. AKgomant of the 
arP.no.add sequence of 0cR3 ond of osicop roiegerin (OPG). <h«. C-<erminei Wi 
residues of OPG are net shown. The putative signal cleavage site (arrow), the 
cysi^ich domains (CRO i -4|. and the AMinttd glycosylate aha (asterisk) are 
^^o«n. b repression of 0cR3 mRNA. Nonhern hybridteation analysis was done 
using mo 0cR3 cONA as a probe and blots of polytA)" RNA (Clontech) from 
human fatal and adult tlssuas cr cancer call Snaa. P8L. peripheral Dlooc 
lymphocytQ. 



c l8 „c 2 Intaraalon of 0cR3 «Nh FasL. a. 233 c.Ja were ™ s *™* f\>™ 

valor (top) 0- with ORK6 encoding fulManflth F JS L (bottom). ,ncub«ad w«,h 

0CR3-FC so«d ,ina, shaded sra* TNFR-Fc (donad HneT « J* con,^ 

id 8S hed line, (the daahad and doaed ancs overw,). and analysed for biding try 

PACSSutedcaianaVs-sshowsdas^ 

binding of OcB3 -Fc ,0 C« S V 3nefec W d w«, Fr.aU or p*«L 

labeled cafe. b. 293cg.!s wera transfected as m a ,na matabollcalfy «*«ed.*- 

call suparnatante ware Immuncpredohatad with Feooged TNFR1. 0cR3 or F.se 

cft.rlhedsolubleFasLlsFasUwasimmuncp^c.pi.atadwIthTN.ni-Fc.^ 

Fc or Fas-Fc and visual by immunoblot -Hh ant-FasL antibody. aFasL wae 
loaded direafy for ecmoarlson In «e righriitnd Une d. FI S g-tag S e<J 3FasL was 
.ncubal^ with OCR3-FC or w,fn buHer and r, :S olvac by gal Hltratrc^colurnn 
rracions wara anafyaad i, anassay that de«c K (omp;e* e aeoma.n.n n Dcte-Fc 
and sFasL-Flas. e. Equilibrium bmding of OcfC-Fc or Fas-Fc to .Fasl-FUg 
Inset, competition of DcR3-Fc with Fas-Fc 10' olnd.n 9 to sFasL-Flas. 
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reaction (PCR)" in genomic DNA from 35 primary lung and colon 
™u« relative to pooled genomic DMA from peripheral blood 
Socles (MM cf 10 healthy donors. Eight of 18 lung tumours 
iff? In tumours showed DcR3 gene ampuneauon. 
arid 9 ot i/ «» confirm this result, we 

S S*«5 PCR primers and probes; we observed nearly the 
same amplification (data not shown). . • 

"en analysed DcR3 mRNA expression in P<^ *™ 
tissue sections by in »u hybridization. We detected DcR3 exprcs- 

b« M TLiours,and loutofl gastric tumour (data not shown). A 
SnTouJ a squamous-cell carcinoma of the lung is shown in 
DcBJ mSNAwas localized to infiltrating mal.gnant ep'the- 
UWouf was essentially absent from adjacent stroma, md.caung 
™r pecific expression. Although the individual tumour 

w« difer^t, to in situ hybridization results are consent vnth 
ZlnSi *£* the DcR3 gene is amplified frequently intuxnoug 
W«o3on carcinoma cells, which showed abundant DcR3 
mRNA egression (Fig. lb), also had marked DcR3 gene arnpUfica- 

hvbridixation (fivefold) (data not shown). 

D eR3 arnplification in cancer is funcaonally relevant, then 
D c^ shoulcTbe ampUfied more than neighbouring genome 
regions that are not important for tumour survival To test thi . 



we mapped the human DcR3 gene by ^mon*ybnd ^y»*, 
DcRishowedlinkageto marker AFM21«xe7 '^f 
chromosome position 20ql3. Next, w< isolated from , bact nal 
artificial chromosome (BAC) library a human genomic done that 
«rrie DcR3, and sequenced the ends of the don* unat. We then 
de £ from the nine colon tumour* that showed twofold or 
•rearer amplification of DcR3. the copy number of the DcM- 
fiXg^uences (reverse and forward, from the f JJ&jfflJg ) 
genomic markers that span chromosome 20 <*jM&«J 
Delinked reverse marker showed an average ^Jfif^l 
Lghly threefold. slightly less than the ap P ro»r^tav foorfbld 
a^pUficarion of DcR3; the other n»rker S ..ihow e a-,jitfle or no 
ampUficttion. These data indicate that DdO may be ., : the epi- 
cWofl distal chromosome 20 rct^n^u^nmUfied in colon 
5£ consistent with the possibility that DcR3 amphfication 

FasL^S.Wecadnotdet^Dcl6bindin B to several other TNF- 
£££3t, members; however, this docs not ^ -t the possi- 
buiry that DcR3 irite^Cts^with other hgands. * do some other 
TNFRtamily mehi&ers, including OPG - 

Fast is impdrtWin regulating the immune response; however. 
U«U is faown a b but how FasL function is controlled. One mechan- 
S invSves L molecule tfUP, whidi modulates 
< E Sstxeam of Fas 10 . A second mechanism involves proteolytic 




Rgur9 3 inhibition cf FaaL aoRrity by OcH3. a. Human Jurka, T Maw ceUe 
2, Abated «h Flagged so.ut.ta FasHsFasL; 
*m a-body (0.1 u*mr'| In the presence of the proposed Inhibit^ 

ol-fc (=as-Pc or human IgGi end assayed for apoptosls (mean , s^o 
licate 9 ).b ^aiceilsweraineoba.ed-lch.FasL-RaSplasa^aaan body 
TsnHn presence cf « rt ml- OcR3-Fc (filled drc.es). Fes-Fe <°P-.^ " 
numan IgG. (triangles), and apoptos-e was determined atthe 
points, e. Peroral blood T cells were sDrmtted with PHA and InterleoWn^ 
Oliowed by control (whtte bars, or anv-003 ent.body ^ ^ "^JJJ 
Phoephaobufferrf saline (PSS,. human IgGi Fes-Fc. or 0cR3-Fc A^ l 

five donors). <•. Peripheral blood natural Killer cells were Incubated w„h Cr- 
.abeiiod lurkat ceils in m presence ot OcM-Fc (filled circles). Pes-Fc (open 
circles) or human IgGi (triangles), and urgat-eell death was detained by 
falease of s 'Cr (mean = S.d. for wo donors, each in triplicate). 



* 9ure *GenomlC3mpfiriC3t*nofDcR3>n~^ 
eii.denc^or^c.d.t^ 

m „ o p. qi ona non-smalKel. carcinoma (b). one am*l«<e>, carcinoma (H. and 
cna broncl adenocarcinoma (l|. The data arc means = s.d. ot Z e«p£n.m» 
d=na in duplicate b Colon tumoura. eomprbin., v; adanocarclnomes. 0a« are 
TJ^1Z< £ -penmente done in dupUcate. e. ,« m 

, ecree en»Uve brighrfald image (left) ar.d .he eotrespondma da k-fldd imajc 
M S how Ocfl3 mRNA over Inhluafng meHgnan, ap-thelium («™-^-* 
2Si "on-malignant stroma ,S). blocd veusc. (V, and necrojc tumour 
Sa e also shown, d. Average amplification o' 0c« compared , ^ UB a- 
Scn of neighbouring genom-c regions (reverse end forward. «ev and FwdV M 
0cR3 in ed merker Tieo. and other cnwnwom.-lO merlcer. In the n ne colon 
S«u« showing 0CR3 amplication of twcio.d or more (b). Oe.a are from two 
•Zment done In duplicate. Asieos* indict P < 0* for a Studema «« 
comparing each marker with DcR3. 
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FasL binding: hence,' it may represent a third mechanism of 
extracellular regulation of Fast activity. A decoy receptor i dut 
modulates the function of the cytokine interkuhn-l has been 
described". In addition, two decoy receptors that belong w the 
TNFR famfly. DcRl and DcR2, regulate the FaiL-related apoptons- 
inducing molecule Apo2l". Unlike DcRl and DcR2. which are 
membrane-associated proteins. DcR3 is directly secreted into the 
extracellular space. One other secreted ^^."^ " 
OPG\ which shares greater sequence homology w«h DeR3 (31% J 
than do DcRl (17%) or DcfU (19%); OPG functions as a thud 
decoy for A P o2L". Thus. DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosu. Pox viruses produce soluble 
TNFR homologies that neutralize specific TNt-femdy ligands. 
thereby modulating the antiviral immune response'. Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL. may contribute to immune evasion by 
certain tumours. 

Methods 

isolation of OcR3 cONA. Several overlapping EST* la GenB«* Xaccwuon 
numbers AA02SS72, AA025673 and W67S60) and in Lifbeq (Inqrw 
Ptunraccudcali: accession numbed 1339238, 1533S71, 1533650. 1542861, 
1789372 and 2207Q27) showed similarity to member* of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consent; fetal lung was positive for a product of the expected sat By 



lgG. blocked with 2% 85 A. in PBS. DcR3-Pc or F«-Fc wis »dd«J. Mowed by 
serially diluted FUg-wsgcd soluble F<uL Bound ligano wu defied with aol.- 
fUg antibody as above. In ih« competition F»» -Fc w«j immoba.«d is 
ibovt. and (he wdb w«e MoeWed «i«h excess IgGl before addition of FUg- 
uggtd soluble FaiL plus DcM-Fc. • 
T-«ell AICO. CDJ* tymphocytts were isolated from peripheral blood of 
individual donors using anti-CDJ magnetic beads (Miltenyi Bio(ecb), 
stimulated with phytohaemaggluunin (PHA; I »«") h. and ogfmp 
in Aeprescnccof intcrieukm-lClOOUmr') folS d^Th^cA w«#U«to, 
wdls coated with sn«i-CD3 antibody (Prurminfen) and Jtuly«d ftr ^o P to*» 
16hbterbyFACSanalysisofanncun-V-bindiogofCDi" cdb". fj 
Natural killer coll activity. tfjtural killer cells were isolated ribai penpheral 
blood of individual donors using anti-CDS6 magnetic beads (Milte«yi 
Biotech). «d incubated for 16 h with ''Cr-loideij^wOs at on tffector- 
to-urget rwio of 1:1 in the presence of D£R3-Pe. ! f«-Fe or human IgGl. 
T«get-ceU death was determined by rdeW^/'fcr in elfcccot-urgd co- 
cultures relative to release or "Cr by defcrgeot lysis of equal numbers of lurkat 
ceUs ~- ^" 

Gone^mplltlcatlon analyds/Surgicll specimeas were provided by 1. Kern 
(lung tumours) and P. QoS&jfU&i tumours). Gcnonuc DMA wis extracted 
(Qi.g.n) and the cori'cenrrarion was determined using Hoeelut dye J32S4 
iaterahtion fluotometry-Amplificauon was determined by quantitative PCR 
' usingi TaqMa'n mstiument (ABI).TIk method w« validated by compared of 
PCR and Southern hybridiution data for the Myc and HER-2 oncogenes (data 
nof sWwnyGiw-specific primers and ftuoro S cnie probes were designed on 
r rh, peered sire. Bv the basis of the sequence of DcR3 or of nearby rosier* identified on a BaC 

- . - - " P * ^ carrying the human DcRJ gee alter*.***, primers and probes were based 

hybridization toaPCR-geoeraeed probe Human Genome Center marker AfM2lS~7 (TWO), which is 
nC4aJaltertuuvely spliced ion oauwiu /T .*n fW<* n«r«t 



(DNA309421 wu identified. When scaiehing for potential alternatively^ sphced 
forms of DeR3 that might encode a innsmembrane P«^^S*«/ P 
more clones; the coding regions of these clones were idendcaUn-soe, dmhal of 
the initial done (dau not shown). ^ \ >- ' 

Fc-(u 9 lor. protoioi (Immunoadhoslns). The entire : DcR3 sequence, or the 
ectodomain of Fas or TNfRl. was fused to the hingefand Ftregion of human 
IgGl, expressed in insect SF9 cdk or in hurrah.^elll. and purified as 



described^. 



RuoraBcotnco-actJvatad cell sorting (FACS) Analysis, We tramfectcd 293 
ccUs using cilcium phosphate or Effectcnc tQUgcn) with pRKS vector or pRK5 
encoding full-length human (2 *igJ< together with pRKS encodmg CrmA 
(2n.fi) to prevent ccU death: After 16 h. the cells were incubated with 
bioonyUced DcR3-Fc or Ti^FRl-f c and then -ith phycoeryArin-conjugited 
itreptavidin (GibcoBiajSad W e assayed by FaCS. The data were analysed by 
KolmogOfoy-SMirfiov v sausdc a l analysis There wis some detectable -suioing 
of vectot-transfeccca cells by DcRi-fc; as these cell, e^roa litde f«L (dou 

not sho"Wiii"> 'il PO»iW* DcR3 5onw olher Uctor * 

expressed coiutitutWely on 293 cdls. 

ImmunoprecipiUllon. Human 293 cells were transected M above, and 
meuboUcally labelled with ( 35 S]cystcinc and 1 M S] methionine (Q.5mCu 
Amersham). After I6h of culture In the presence of r-VAD-fa* (lOu-M). 
the medium was immunoprecipitated with DcR3-Fc F«-Fc or TNPRl-Fc 
(5 Kg), followed by protein A-Scpharosc (Repli 5 en)- The prcapiwces were 
resolved by SDS-PAGE and voualiied on a phosphorinwger (Fuji BAS2000). 
A\t«natively. purified. Flagged soluble FaiL (1 »*) (Alexis) wai incubucd 
with each Fcfusion protein (1 K g). precipitated with protein A-Scpharosc 
rcsolvtd by SDS-PAGE and visualized by irnmunoblotdng with rabbit ano- 
FasL antibody (Oncogene lUseaich). 

Analyst of complex formation. Flag-ugged soluble FasL (25 ^g) wis 
incubated with buffer or with DcR3-Fc (40 ug) for LS h at 24 *C The reaction 
was loaded onto a Superdcx 200 HR 10/30 column (Ph^mada) and developed 
with PBS; 0.6-ral factions were collected. The presence of DcR3-Fc-Fa,L 
complex in each fraction was analysed by placing 100 uJ aliquoci into rmciouue 
wells prccoated wish anti-human IgG (Boehringer) to capture DcR3-Fc 
foUowcdbyoetccdonwithbio(mylatedanti-Fla g antibody6ioM2 (Kodak) and 
sireptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complexof 420K (data not 
shown), which is consistent with a ttoichiomctry of two DcIU-Fc homo di mere 
to two soluble FasL homoirimefS- 

CquilibHum binding analysis. Microtiuc w c Us were coated with and-human 



linked "to DcR3 (likeUhood score = 5.4). SHGC-362M (TIS9). the near«t 
available marker which rnapi to -SO0 kilobasei from TI60, and five extra 
markers chat span chromosome 20. The DcR3-speci6c primer sequences were 
5'-OTCTTCGCGCACGCTC-3- and S^aTCaCGCCGGCACCaG-3' and the 
fluorogenic probe sequence was S ' - ( f AM - ACaCG A.T GCG TGCTCCAAGCaG 
AAp- ( TAMARA) . where FAM is 5' -fluorescein plussphonmidite. Rel^ttve 
gene-copy numbers were derived using the formula 2 {aCl \ where ACT is the 
difference in amplification cycles requited to d«« 1*R3 in peripheral blood 
rymphocytc DNA compared to test DNA- 

RoceJvwl 1* Seprembc*: «apu*J i November lt9i. 
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Crystal structure of the 
ATP-binding subunit 
of an ABC transporter 

U-Wel Hung-, Iris Xiaoyan Wangt Kishlko Nllcaidot 
Pel-Qi Uut. Glovanna ferro-Luzzi Amest & Sung-Hou K.m , 

- E O. Laurence fcrfafc?. 1**-*! Labors 1 ^^^^^ 
flcrfelot California 9*720. USA 



ABC transporters (also known as traffic ATPases) form a large ., 
£5, of proteins responsible for the trar^ocaaon of . «n«y 
tfcLpounds across membrane of both J"V 
eukaryotes'. The recently completed «* gc^ me * 

sequence revealed that the largest family o P«£W ^ 
prLins is composed of ABC transporters'- 
J"tein S of medical significance belong to 
ine cystic fibrosis transmembrane conductanaregulator (CFTR), 
the P-glycoprotein (or multidrag-resistancc^rote.n) and the 
heterolmeric transporter asaoc^ed-vaty antigen pro« S «r, E 
(Tapl-Tap2). Here we report the crystaEstructure * 1.5 A resolu- 
riJof HbP, the ATP-binding spoilt of the hisudlne permease 
which is an ABC transporter from Sahncnella ^ 
correlate the details of ^structure with thebiochermad, gencuc 
and biophysical properties of the wild-type and several mutant 
SsP proteins. Tne structure provides a basis for understanding 
pYopJSs of ^transporters and of defective CFTR proteins. 

ABC transports contain four structural domains: two nudeo- 
tide-biruimg; domains (NBDs). which arc ^J^T* 
thfoughbut ^e family-, «<d two transmembrane domains In 
^wtayrfw these domains are often separate subunits -w W ch arc 
LenSkd into a membrane-bound complc* in eukaryotes _rh 
domains arc generally fused into a single P^P'f _ ^ ™ 
periplssmichistidine permease of S. rvpfc.munum »d£. coh K 
well-characterized ABC transporter that is a good ™°d 'orth* 
supcrfamily.lt cowists of a membrane-bound comply H^QMPi. 

two copies of HisP. the ATP-binding subuiuc. HisP which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible both s.des of «hj, membrane 
presumably by its interaction with MisQ and HisM*. The two H«P 
subunits form a dimer. as shown by their cooperatmty in ATP 
hydrolysis*, the requirement for both subunits to be present for 
activit/, and the formation of a HisP dimcr upon chemical cross- 
iSdng Soluble HisP also forms a dimer 5 - HisP has beer i punfied 
an d charactered in an active soluble form 5 which can be recon- 
stituted into a fully active ^mbrane-bound comply. 

The overall shape of the crystal structure of the HisP H 
that of an T with two thick arms (arm I and arm II): ' ^ !l" 
binding pocto is near the end of arm I (Fig. D- A six-stranded p- 
sheet (P3 and p8-p 12) spans both arms of the L. .dotn^of a 
o, pluTp-type structure (PL 02. P4-&7. al and <*2 on one-Side 
(widiin arm 1) and a domain of mostly a-hclices (a3-a9) on the 




Kaun, i Crystal strucfure o( HisP. a Viow or tM dlmar along an ax* 

» L awards tha periodic and cywlasmlc side* respect (see 
The<r^ne 3 sofarrnm S 8bouUSA.conipar^ 

3fBS ho^,n orange and fiesta in gree.o.Viewa.ong ^e^daxlsofme 
KsP dlmer. showia 8 *e relate dfeptacamam of « n«ono«e« no, of pa«,m ^n 
a Thep-s.randea.tf.edimarlnTarfaceara^Cdlad o.V,ev.ofonamonom af I cm 
*e bottom of erm .. aa sr,own ,n a. to^rda arm a. 

occkat a-c The crotein and ma bound ATP are n 'r-bocn and bail-and-stU-k 
^presentacions. ra S pcctK, el y. Key ra^uea d«u S sad In twi are indica^ m 
c. Theee figures » e rc prepared MOLSCfllPT". N. emlno terminus C. C 

terminus. 
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NOVEL APPROACH TO QUANTITATIVE POLYMERASE CHAW REACTION USING 
RE^L-TIME^)ETECTION: APPLICATION TO THE DETECTION OF GENE 
AMPLIFICATION IN BREAST CANCER 

^BtiC^.Martu^ 

lUboratoire cTOncoginctique. Centre Rene f/uguerun. St-Ooud, France 



Gene amplification i, a common event .n the P"*™<" ° f 
human cancers, and amplified oncogenes have been shown to 
have d^gnostie. prognostic and therapcutte relevance. A 

b£ri£ fluorescent TaqMan methodology and a new 'mtru- 
mem (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantity 
oe^e ampirfication in tumor ONA- Reactions are cMter- 
point during cycling when PCR amplification is rtiH 
n the exponential phase, rather than the amount of PCR 
proc^ctXimulated after a fixed number of cycles. None o 
She reaction components is limited during the exponential 
th'at va.ues arc highly r-prod-ble ,n pac- 
tions starting with the same copy number. ™s grMtly 
improves the precision of DNA quantification Moreover, 
rTal-time PCR doss not require post-PCR sample handling. 
SerX prave^ting potentUI PCR-product carry-over _con- 
Sm^iatlon- it possesses a wide dynamic range of quanufiea- 
tfo^d^uUs^n^ 
The rcal-time PCR method, was used to develop 
a simple and rapid assay for the detecuon and <\™ n *'™?™" 
of tte 3 most frequently amplified genes 
,'o82) in breast tumors. Extra copies of myc cend and«t» 
were observed In 10. 23 and 1S%. respectively, of lOfrbrMtt- 
tumor DNA; the largest observed numbers o gene cop.es 
weTe 4.6. 18 6 and 1*3. respectively. Thes* result jeorrcl ited 
well with those of Southern blotting. The use of. this neyv 
7emi*uVomated technique will make molecular analysl I of 
human cancers simpler and more reliable and jHo"ld find 
broad applications In clinical and research sotbngs. Int. X. 
Cancer 78:661-666. 1998. 
© I99S mley-Liss. Inc. 



Gene amplification plays an important role in the | Pyogenes* 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
rclnk visualised cither as ^chromosomal double routes 
(dmlns) or as integrated homogeneously sra.mng regions .(«SR5). 
are among the main visible cytogenetic abnormalities « i breast 
tumon. Other techuiques such as compare genomic hybridiw- 
tion (CGH) (Kalliomemi et aL 1 994) have also been used in broad 
searches for regions of increased DNA copy numbers tn rumor 
cells and have revealed some 20 amplified chromosome regions m 
breait tumors. Position) cloning effort* are underway to tdenufy 
the critical gene(s) in each amplified reg.on. To date, gene* known 
to be amplified frequently in breast cancers include ™.vc W 2 *>- 
ccnrfl (Ilql3). ander6B2 (l7ql2-q21)(forrcv,ew. sccB.ecbe and 
Lidereau. 1995). 

Amplification of the myc. ccndl. and er6B2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
Studies have shown that these alterations can be used to ^ identify 
sub-populations with a worse prognosis i (Bems « ol 99Z 
Schuuring « aL 1992; Slamon « aL. 1987) Muss er at (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy- . 

However, published results diverge both in terms ot the fre- 
quency of these alterations and their clinical value For msiance. 
over 500 studies in 10 years have failed 10 resolve (he controversy 



surrounding the link suggested by Slamon ef «L (1987) between 
*r*B2 amplification and disease progression These discrepancies 
are pardydue to the clinical, histological and ethnic h'terogcne.ry 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
oxeanTof blomng procedures such as Southern and slot blotting 
These botch techniques require large amounts of (5-10 
ue/rcaction) to yield reliable quanUtanve results. Furthermore; 
mSous care is required at all Stages of the procedures to 
SSeblots of sufficient quality for reliable dosage analysis. 
Ky. PC* has proven to be a powerful u>ol for quantitative 
DNAanalysis. especially with minimal sumog quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product cither after a given number of cycles (end-po.nt quantita- 
tive PCR) or after a varying number of cycles during the 
13 Jhase (kinetic^antitaiive PCR) In the first case an 
tatemaTstandard distinct from the target molecule ,s required ho 
ascertain PCR efficiency. The method is rclai,vely easy but «fflpbes 
fenenuns. quantifying and storing an intcnuu standard for each 
gW smdicd. NevVtheless, it is the mcst frequently appl.ed 
method to date. .... -j- 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard « required (an 
external standard curve is sufficient). Moreover, the fancac method 
halTwide dynamic range (at least 5 orders of magnitude), giving 
^accurate value for samples differing m theu- copy > number 
Unfortunately, the method is cumbersome and has therefore been 
rarely used: It involves aliquot sampling «>f each assay mix at 
regu&r intervals and quantifying, for each ahquot, the amplifica- 
tion prcducL Interest in the ^ 
nSroach using fiuoresccru^^ 
instrument (AB1 Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson eta.. 1996. He.d« 
ll \9%) The TaqMan reaction is based on the 5' nuclease assay 
£t SS ^Holland et aL (1991). The I«sthe5 
„udc«e activity of Taq polymerase to cleave a ^« 
oliconuclcoude probe during the extension phase of PCS- The 
appS uses dL-labelcd fluorogenic hybrid ;? auoo prob« , (Ue 
et aL 1993). One fluorescent dye. co-valcntly linked to the 1 end 
of the oligonucleotide, serves as a reporter [F.^M (,e 6-caiboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye. TAMRA (i.e.. ^^^^^^^ 
attached to the 3' end. During the extension phase of the PCR 
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cycle the fluorescent hybridization probe is Mrolyzed by the 
5'.r*i«uclcolvtic activity of DNA polymen*. Nuclease degrada- 
tion oTcKoe releases the quencbing of FaM ««««««« 
-missiU resultmg in an increase in peak fluorescence emission 
The flwe^encc signal is normalized by dividing the emission 
Sen,ronhe rcpo 6 ner dye (FANt) by *c emission inte^s.ty of a 
Snce dve (Le ROX, 6-carboxy-X-rhodarmne) iueluded in 

buffet, to'obiain a ratio defined as the Rn 
Serl for a given reaction tube. The use of a sequence detector 
ZStoS&SZo spectra of a.. 
cycler to be measured continuously during PC*, amplification. 

The real-time PCR method offers several ^f^S"?^*" 
current quantitative PCR methods (Cell « <*v 1994 ^.* r 
^wwd homoKeneous assay provide* a real-time method for 

dation of both the primers and the probe is necessary to pwnte 
sSnal- fW the C, (*reshold cycle) value used for ojianofiotaau 
nSced when PCR amplification is still in the log J-hase of PCR 
£odu« accumulation. This is the main reason why C, ua more 
reliable measure of the starting "PV number than are «i^°m 
meturerncnts, in which a slight ^'^^^^C 
can have a drastic effect on the amount or product (1«J us e oft-, 
vrtue? gives a wider dynamic range (at least I orders of magm- 
uidel racing the need for serial dilution; r.VjTh* real-ume PCR 
method is run in a closed-rube system and requires «? P os 'f ^R 
"ample handling, thus avoiding potenna contaminatvon fv) 0* 
£5m is highly automated, since the mstrumcn continuously 
mewses fluorescence in all 96 wells of ^thermal cycler during 
SSSKL *« corresponding software processes and 
»nkly«s the fluorescence daw H the assay is rapid, as results arc 
tvSe just one minute after thermal cyeling * «g 
S uioushput of the method is High, smce 96 reacuons can be 
analyzed in 2 hr, . 

Here, we applied this semi-automated P'ocedure 
the copy numbers of the 3 most frequently amplified i genes in breas 

located n a chromosome region in ^*f«^^ftm^rs 
£?n observed in breast tumors. The results for 108 breast tumors 
Snared w[th previous Southern-blot data for the same 
samples. 

MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 108 primary breast tumors remo ved 
surSly from patients at the Centre Rene Hugucnuv, none of the 
S had undergone radiotherapy or chemotherapy, tamed - 
atcly after surgery, the tumor samples were P^;« Jg™ 
Sen until extraction of high-molecular-wcvght DNA 
were included in this study if the tumor simple u*£ W' j 
p^aration contained more than 60% of tumor ce Is Qjrigkvcd 
analysis). A blood sample was also taken from 18 of the same 

Pa DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 



of extensive degradation) are both difficult to assess. ^*«fo« 
also quantified a control gene (alb) mapping w chromosome region 
4qll-ql3. in which no genetic alterations have been found m 
brUst-tumot DNAby means of CGH (Kalliomcm. et at. 1994). 

Thus die ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
^mL DNA. The ratio defining the level of amnlificatxon is 
termed "N". and is determined as follows: 



Real-time PCR . . 

Theoretical basis. Reactions are characterized by the pom 
durine cvcline when amplification of the PCR product is first 
Jetcc^ SrharTby me amount of PCR product accumulated 
Safixed^^ 

of the genomic DNA target, the earlier 
fluorescence is observed. The parameter Q (^"^J" 
defined as the fractional cycle number at whach the •■to**™* 
generated by cleavage of the probe passes a fixed threshold above 
K„e The urgcf gene copy number, in unknown sarnp es^ 
quantified by measuring C, and by using a standard cu rve w 
determine the starting copy number. The 
genomic DNa (based on optical density) and its quality (i.e.. ia« 



c opy number of target gene {flpp. m)v. ecndl. erbBl) 
N = copy number of reference gene {alb) 

Primers probes, reference human genomic DM and PCR 
consumables. Primers and probes were chosen with the assurance 
of the computer programs Oligo 4.0 (Nauoaa B.o «ences Ply- 
mouth, MN). EuGcne (Daniben Systems. Cuicinnau, OI0 and Pnmer 
Express fPerkin-Elmer Applied Biosystems, Foster C.ty, CA). 

Primers were purchased ftom DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosysteim. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MictoAmp optical tubes, 
andMicrc-Amp caps were from Perkin-Elmer Applied Biosystems. 

Standart-curve construction. The kinetic tnethod requires a 
standard curve. The latter was consumed w|th senal * utions f 
specific PCR products, according to Piatak et j.l ( 993).In 
nractice, each specific PCR product «u obtained by amplifying 20 
^ ofTsundafd human genomic DNa (Boehringcr, Mannheim. 
Germany) with the same primer pairs as those used later for 
Stoe quantitative PCR. The 5 PCR products were purified 
ilina MieroSpin S-400 HR columns (Pharmacia, Uppsala Swe- 
to) eSphorezed through an acrylamide gel and siained wi* 
Sdium bro'midc to check their quality. The PCR produce nj« 
then quantified 3 pectropho!ometncal y and pooled aitd sergly 
diluted 10-fold in mouse genomic DNA (Lloniech, Palo Alto CA) 
2 a wnstant concentration of 2 ng/ul. Th, sumdard curve _used for 
real-time quantitative PCR was based on senal diluiioos of the pool 
ofpS products ranging from W 7^"^^ 
l6-"« (IB 1 copies). This series of diluied PCR products was 
aliquotcd and stored at - 80 8 C untU use. 

The standard curve was validated by analyzing 1 known 
quantitiesof calibrator human genomic DNA(20 ng and 50 ng). 

pa amplification. Amplification mixes (50 uV, > contained 1 Ac 
sample DNA (around 20 ng, around 6«00 .^pies; f «««& 
lOXTaqMan butTer (5 ul), 200 uM ^.^^^J 
uM dUTP 5 mM Mg&i, 1.25 units of AinphTaq Cold, 0.S units of 
ZpSe uracil Njycosylase (UNG) 200 iuM each pnmer and 

lOOnM probe. The thermal cycling coitions po-P^^J 
50-cJl0rrunat95'C.ThenmlcycUn B c^3;sledoH 

95«C for 15 s and 65'C for 1 min. Each assay included: a standard 
curve (ftom 10' to 10' copies) in duplicate, ^^f' 
20 ng and 50 ng of calibrator human genomic DN A(Boehnng«) m 
nipS. andlbout 20 ng of unknown genomic DNA m mphcate 
nl <7rnnles can thus be analyzed on a 96-well microplate). All 
samSS a c n oe¥c,«,t of Nation (CV, higher than 10% were 

AU reactions were performed in the ABl Prism 7700 Sequence 
DetecrioT System (Perkin-Elmer Applied Biosystems). which 
detects the signal from the fluotogcnic probe during PCR. 

Equipment for real-time detection. The 7700 fl^ * 
built-in Aermal cycler and a laser directed v tt fiber opucal obles 
to each of the 96 sample wells. A durge-coupled-dcvi^ {CDD) 
camera collects the emission from each sample and « 
Analyzed automatically. Tlie software accompanyng die 7700 
TyX ^calculates C, and determines .he parting copy number in the 
samples. 
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higher than 2 were considered to be amplified. 



RESULTS 

To validate the mediod, real-time PCR was performed I on 
S eLm?SX extracted from 108 V^f^S^SL « 
' I im.kocvte DNA samples from some ol tnc !>ame paaenw. 

4ql.I-ql3). 
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gen£ AMPuricxnoN by real-time pcr 

Validation of the standard curve and dynamic ran^e 
of real-time PCR . 

The standard curve was constructed from PCR products scnally 
diluttd Teenomic mouse DNA at a cot.«am concentration of 

toe Sureet eencs do not amplify genomic mouse DMA (data not 
StoioTSSTshows *c real-time PCR standard curve for the 
S ^e ^ dynamic range was wide (at leas, 4 ^orders of 
magnitude), with samples containing « ft* » 10> cop.es or as 
many as 10 5 copies. 



The app to alb copy-number ratio was determined in 18 normal 
leufcSS WA samples and all 103 primary breast-tumor DNA 
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samples. We selected these 2 genes because 
chrome regions [app. 21a2l.2s M. 4qll-ql3) in which no 
obvious genetic changes (including gain* or tosses )\ ^ ^ 
observed in breast cancers (K*Uionicrm et aL 1994). The ratio for 
the 18 normal leukocyte DNA samples fell berween 0.7 and 13 
rmean I 02 + 0.21), and Was similar for the 108 primary orcast- 
iumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25). eonfinxung 
that alb and app are appropriate reference disomic genes tor 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and crb52 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, IS normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described m "Material and 
Methods". The N value of these samples ranged from 0 \ to l.J 
(mean 0.84 r 0.22) for myc. 0.7 to 1.6 (mean 1.06 = O 23) for 
ccndl and 0.6 to 1 .3 (mean 0.9 1 i 0.19) for er6B2. Since N values 
for myc. ccndl and er6B2 in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 
myc. cend i and erb£2 gene dose in breast-tumor DNA 

myc. ccndl and er6B2 gene copy numbers in the 108 primary 
breast tumor, are reported in Table I. Extra copies < of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15 A 
16/108) and myc (10%. 11/108), and ranged from 2 to 18.6 for 
ccndl 2 to 15.1 for er6B2, and only 2 to 4.6 for the . myc gene. 
Ficuxe 2 and Table II represent tumors in which the ccndl gene ; w« 
amplified 16-fold (T145). 6-fold (T133) andnon-aitiplirledCrUg). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbBl in 1 case. This favors the hypothesis 
that gene amplifications are independent events tn breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% m the 
*rM32 copy number (N < 0-5). suggesting that they bore deletions 
of the 17q21 region (the site of ^6B2). No such decrease tn copy 
number was observed with the other 2 proto-oncogenes. 

Comparison of gene dose determined by real-time quantitative 
PCR and Southem-hlot analyst 

Southern-blot analysis of myc. ccndl and erbBl amplifications 
had previously been done on die same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PGR and 
Southern blot was obtained foT tumors with high copy 
(N 2: 5). However, there were cases (I myc. 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays arc 
currently limited but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
' has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough lo detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplication 
values. Southern blotting is also time-consuming, uses radioactive 



TAfti,£ 1 - DISTRIBUTION OT AMPLIFICATION Lfi^LOT FOR '"J* 
ccnJ/ ANO crbm GENES IN 108 HUMAN BREAST TUMORS 



Gene 



Amplification level (N) 



0.5-1.9 



£5 



myc 0 
cc«dr 0 
erbBl 5 (4-6%) 



97 (89.8%) 
83 (76.9%) 
87 (30.6%) 



11(10.2%) 0 
17(15.7%) 8f7.4%) 
g(7.4%) 8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely m many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target geuc from minimal 
quantities of tumor DNA (small early-stage lumors, cytopuncture 
specimens or formalin-fixed, paraiEn-embcdded tissues). 

In this study, wc validated a PCR method developed for the 
quantification of gene over-reprcscntudon in rumors. The method 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-bascd quantitative assays such as 
competitive quantitative PCR (Celi er aL 1994). First, the reaUame 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Uc-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (tlNG) 
(Lontfo ct aL 1990). The second advantage is the *mpliacy and 
rapidity of sample analysis, since no post-PCR maaipulations are 
required. Our results show that the automated method is reliable 
We found it possible to determine, in triplicate, the number ot 
conies of a target gene in more than 1 00 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain «:qual starting amounts 
of DNA This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues, Fourth, and above au\ 
real-time PCR makes DNA quantification much more precise and 
reproducible, since . it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
che-ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is raie-luruting. The 
within-run CV of the d value for calibrator human DNA (5 
replicates) was always below 5%, and the botween-assay precision 
in^5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C ratio of the target gene with that of reference genes The results 
obtained by the 2 methods (with and without u standard curve) are 
similar in our experiments (data no! shown). Moreover, unlike 
competitive quantitative PCR. real-ume PCR does not require an 
internal control (the design and storage of internal controls, and the 
validation of their amplification efficiency is labonouo). 

The only potential disavantagc of *aUrime PCR like all other 
PCR-bascd methods and solid-matrix bloning techniques (South- 
em blots end dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only PISH and immunohistochem- 
isrry can measure alterations on a ceU-by-ccll basis (Pauletti et ai, 
1996- Slaroon et aL 19S9). However, FISH requires expensive 
equipment and trained personnel and is also ume-coosuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed xn 
the absence of gene amplification, which will be possible tn the 
future by real-time quantitative RT-PCR- Irnnumohistochcrnistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those ported in 
the literature, (i) Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app. respectively) showed no genetic alter- 
ations in the breast-cancer samples studied L her e in 
che results of CGH (KaUioniemi et aL N9«). 00 We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other tearns (Bents er al.. 1992; Borg et al 1992). <«i) 
The frequency and degree or myc amplification in our breast rumor 
DNA scries were lower than those of ccndl and er6B2 amplifica- 
tion, confirming the findings of Borg et ai (1992) and Courjal et ai 
0 997) (iv) The maxima of ccndl and c/t>B2 over-representation 
were 18-fold and 1 5-fold, also in keeping with earlier results (about 
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Cycle 



CCND1 



ALB 



Tumor 
T118 
T133 
T145 



Ox Copy number 
27.3 4605 
23.2 61659 
125892 



22.1 



C{ Copy number 

26.5 4365 
25.2 10092 

25.6 7762 



30-fold maximum) (Berns a cL 1 992; Borg ct a/.. 1992; Courjul ct 
ai 1997). (v) The crAB2 copy numbers obtained wuh real-time 
PCR were in good agreemeut with dau obtained with other 
quamilaiive PCR-bascd assays in terms of the frequency and 
degree of amplification (An et aL 1995; Deng ct aL 1996; Vrferoa 



a at 1996) Our results also correlate well with those recently 
published by Geimini ct ai (1997). who used the TaqMan system to 
measure erbBl amplification in a small scries of breast tumors 
(n = 25) but with an instrument (LS-508 luminescence specaom- 
exer, Pcrkin-Elmer Applied Biosystcms) which only allows end- 



01/27/2003 13:56 FAX 650 324 0638 



HELLER EHRMAN M1U»5 



B1ECHE £T At. 



666 



TABtt II - eXAMP^S OF ccnrf/ GENE OOSACe RESULTS 
FROM 3 BK£aST TUMORS' 



Tumor 




ccndl 






eih 




Yicendl/aib 


Copy 
numbor 


Mean 


so 


number 


Mcftn 


so 


TUB 


4525 






4223 






1.06 




4605 


*603 


77 


4365 


4325 


89 




4678 






4387 








T133 


59821 






9787 






6.03 




61659 


61100 


mi 


10092 


10137 


375 




61821 






10533 








TH5 


123563 






7321 








125892 


325392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed arid the mean 
and *c standard deviation (SD) was determined. The level of ccndl gene 
amplification (Nccndl/alb) is determined by dividing tfw average cavil 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dos3gc in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplificauon, especially for samples with high copy numbers 
(2:5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and <r6B2) observed by means of real-time 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few cxira 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, trlrasomy or polysorny) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysorny and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al. 1992; 
Slamoner aL 1987), 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of er6B2 (but not of the other 2 proto- 
oncogenes) in several rumors; erbB2 is localcd in a chromosome 
region (I7q2l) reported to contain both deletions and amplifica- 
tions in breast cancer (Bicchc and Lidcrcau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes boih these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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<£irst sequence: pl.DFM4804 (length = 5j)£) 
<second sequence: pl.i*- itzman (length = 673) 



APPENDIX B 



<597 matches in an overlap of 598: 99.83 percent similarity 
<gaps in first sequence: 1 (75 residues), gaps in second sequence: 0 
<score: 2895 (Dayhoff PAM 250 matrix, gap penalty =8+4 per residue) 
<endgaps not penalized 

10 20 30 40 50 60 

pi . DNA44804 MCSRVPLLLPLLLLI^riGPGVQGCPSGCQCSQPQTVFCTARQGTTVPRDVPPDtVGLYVF 
********************************************** 

pi . holtzman MCSRVPLLLPLLLLLAIX^PGVQGCPSGCQCSQPQTVFCTARQGTTVPRDVPPDTVGLYVF 

10 20 30 40 50 60 

70 80 90 

pi . DNA44804 ENGITMLDASS FAGLPGLQLLDLSQNQI AS 

********* ******************** 

pi . holtzman ENGITMLDAGSFAGLPGLQLLDLSQNQ 

70 80 90 ~100" ' 110 " "120 



pl,DNA44804 



100 

LRLPRLLLLDLSHNS 

*************** 

pi . holtzman RGLRRLgRLJI^KNRIRHIQPGAFDTLDRLL^ 

130 140 " 150 " "l60 170 180 



110 120 130 140 150 160 

pi . DNA44804 LLALEPGILDTAWEAJ^RLAGLGL^ 

************************************************************ 

pi • holtzman LLALE PG I LDTANVE ALRLAGLGLQQLDEGLFSRLRNLHDLD VS DNQLERVP P VI RGLRG 

190 200 210 220 230 240 

170 180 190 200 210 220 

pi , DNA44804 LTRLRIAGOTRIAQLRPEDLAGLAAL^ 

************************************************************ 

pi . holtzman LTRLRLAGNTRIAQLRPEDIxAGLAA^ 

250 260 270 280 290 300 

230 240 250 260 270 280 

pi . DNA44804 NCVCPLSWFGPWVRESHVTIoASPEETRCHFPPKNAGRLLLELDYADFGCPATTTTATVPT 
************************************************************ 
pi . holtzman NCVCPLSWFGPWWESHVTl^SPEETRCHFPPKNAGRLLLELDYADFGCPATTTTATVPT 

310 320 330 340 350 360 

290 300 310 320 330 340 

pi . DNA44804 TRPVWEPTALSSSI^PTWLSPTAPATEAPSPPSTAPPTVGPVPQPQDCPPSTCLNGGTC 
************************************************************ 
pi . holtzman TRPVVREPTALSSSLAPTWLSPTAPATEAPSPPSTAPPTVGPVPQPQDCPPSTCLNGGTC 

370 380 390 400 410 420 

350 360 370 380 390 400 

pi . DNA44804 HLGTRHHI^CLCPEGETGLYCESQMGQGTRPSPTPVTPRPPRSLTI/SIEPVSPTSLRVGL 
************************************************************ 
pi . holtzman HLGTRHHLACLCPEGFTGLYCESQMGQGTRPSPTPVTPRPPRSLTLGIEPVSPTSLRVGL 

430 440 450 460 470 480 

410 420 430 440 450 460 

pi . DNA44804 QRYLQGSSVQLRSLRLTYRNLSGPDKRLVTLRLPASLAEYTVTQLRPNATYSVCVMPLGP 
************************************************************ 

pi . holtzman QRYLQGSSVQLRSLRLTYRNLSGPDKRLVTLRLPASI^EYTVTQLRPNATYSVCVMPLGP 

490 500 510 520 530 540 



470 



480 



490 



500 



510 



520 



pi . DNA44 804 GRVPEGFr . • CGEAHTPPAVHSNHAPVTQAREGNLPr. " t APALAAVLLAALAAVGAAYCVR 
****** * ,**************************'-*********************** 

pi . holtzman GRVPEGEEACGEAHTPPAVHSNHAPVTQAREGNLPLLIAPALAAVLLAALAAVGAAYCVR 

550 560 570 580 590 600 

530 540 550 560 570 580 

pi . DNA44 804 RGRAMAAAAQDKGQVGPGAGPLELEGVKVPLEPGPKATEGGGEALPSGSECEVPLMGFPG 
************************************************************ 
pi . holtzman RGRAMAAAAQDKGQVGPGAGPLELEGVKVPLEPGPKATEGGGEALPSGSECEVPLMGFPG 

610 620 630 640 650 660 

590 

pi . DNA44804 PGLQSPLHAKPYI 
************* 

pi. holtzman PGLQSPLHAKPYI 

670 



Sequence file: /home/] . ^y/va/Molbio/carpenda/ temp , ttie/pl .holtzman 
motifs in /usr/local/seq/libdata/motif .pro 

Motif name: N-glycosylation site. 
Accession: PS00001 ; 
Motif: 1ST [IP] [ST] [ ! P] 

101 NLSN 

117 NETF 

273 NLSL 

500 NLSG 

528 NATY 



Sequence file: /home/] , y/va/Molbio/carpenda/temp . ttie/pl .DNA44804 
motifs in /usr/local/seq/libdata/motif . pro 

Motif name: N-glycosylation site. 
Accession: PS00001; 
Motif: N[!P] [ST] [IP] 

198 NLSL 
425 NLSG 
453 NATY 



HMM file: 
Sequence file: 



/usr/seqdb/pfam/Pfam__ls 
pl.DNA44804 



Query- DNA44804 [598 aa] 



Model 



Description 



LRR Leucine Rich Repeat 

LRRCT Leucine rich repeat C- terminal domain 

EGF EGF-like domain 

LRRNT Leucine rich repeat N- terminal domain 

fn3 Fibronectin type III domain 



Score 


E 


-value . 


N 


59.2 


8 


.8e-14 


7 


47.1 




4e-10 


1 


30.0 


5 


.4e-05 


1 


29.8 


6 


.5e-05 


1 


13 .0 




0. 15 


1 



Parsed 
Model 


for domains : 
Domain seq-f 


seq-t 


hmm-f 


hmm-t 


score 


E 


-value 


LRRNT 


1/1 


23 


51 . 


1 


31 [] 


29.8 


6 


.5e-05 


LRR 


1/7 


53 


76 . 


1 


25 [] 


5.7 


2 


. le+02 


LRR 


2/7 


77 


102 . 


1 


25 [] 


9.4 




65 


LRR 


3/7 


118 


141 . 


1 


25 [] 


10.4 




44 


LRR 


4/7 


142 


164 . 


1 


25 [] 


19. 1 




0.1 


LRR 


5/7 


165 


189 . 


1 


25 [] 


11. 1 




26 


LRR 


6/7 


190 


212 . 


1 


25 [] 


12.3 




12 


LRRCT 


1/1 


223 


275 . 


1 


54 [] 


47. 1 




4e-10 


EGF 


1/1 


334 


366 . 


1 


45 [] 


30.0 


5 


.4e-05 


LRR 


7/7 


415 


437 . 


1 


25 [] 


3.1 


4 


.8e+02 


fn3 


1/1 


383 


474 . 


1 


84 [] 


13.0 




0 . 15 



HMM file: 
Sequence file: 



/usr/seqdb/pf am/Pf am_ls 
pi . holtzman 



Query: holtzman [673 aa] 



Scores for sequence family classification (score includes all domains) : 



Model 



Description 



C- terminal domain 



LRR Leucine Rich Repeat 

LRRCT Leucine rich repeat 

EGF EGF-like domain 

LRRNT Leucine rich repeat N- terminal domain 

fn3 Fibronectin type III domain 



Score 


E 


-value 


N 


108.8 




le-28 


11 


47 . 1 




4e-10 


1 


30 .0 


5 


.4e-05 


1 


29.8 


6 


. 5e-05 


1 


13.0 




0.15 


1 



Parsed 
Model 


for domains : 
Domain seq-f 


seq-t 


hmm-f 


hmm-t 


score 


E 


-value 


LRRNT 


1/1 


23 


51 . 


1 


31 [] 


29.8 


6 


.5e-05 


LRR 


1/11 


53 


76 . 


. 1 


25 [] 


6.1 


1 


. 9e+02 


LRR 


2/11 


77 


100 . 


1 


25 [] 


21.6 




0 .019 


LRR 


3/11 


101 


124 . 


1 


25 [] 


15.6 




1.2 


LRR 


4/11 


125 


148 . 


1 


25 [] 


18.1 




0.21 


LRR 


5/11 


149 


169 . 


1 


25 [] 


9.7 




58 


LRR 


6/11 


170 


192 . 


1 


25 [] 


6.1 


1 


. 8e+02 


LRR 


7/11 


193 


216 . 


1 


25 [] 


10.4 




44 


LRR 


8/11 


217 


239 . 


1 


25 [] 


19.1 




0.1 


LRR 


9/11 


240 


264 . 


1 


25 [] 


11.1 




26 


LRR 


10/11 


265 


287 . 


1 


25 [] 


12.3 




12 


LRRCT 


1/1 


298 


350 . 


1 


54 [] 


47.1 




4e-10 


EGF 


1/1- 


409 


441 . 


1 


45 [] 


30.0 


5 


.4e-05 


LRR 


11/11 


490 


512 . 


1 


25 [] 


3 . 1 


4 


.8e+02 


fn3 


1/1 


458 


549 . 


1 


84 [] 


13 .0 




0.15 



